AUTOVATI C TEST EQUI PMENT Thi s invention relates generally to thgflical 8'6127-
‘automatic test equi pnent and instrumentation useful for the functional. and
di agnostic testing of electrical and electronics circuits. The present
application is divided out of our British Patent Application No. 8429657
-(Serial No. 2150696) from which our British Patent Applications Nos.’

8722959 (Serial No. 2195028) and 8722960 (Serial No. 2195029) are al so

di vi ded. Automatic. test equi pnent is known which includes a progranmmbl e
unit capabl e under the control of an operator of gener ating anal og and/ or

digital stinuli and autonatiz_khﬁ_ZEgeéEg_Lg_gigg li to a circuit under
tegt and of probing nodes o 8 9 B -EEF the circuit
response and in i etpeenti gn oveliahgs ganeradl?atbomheﬂfléxdW&@&Eer

or not the ci f I O erI a no | agnosi erein
the fault .or f%%ds ’ﬁ&ee %Qg& %@?@IP%@Q 23 Egﬁf‘ %ﬂ‘éat’g tﬁﬁ’e

conpri ses rel &I dhe fxpeddonadaanidndiagnnsthc testinglef ieddatrical

unseghi sti cat ethd %Ejedlfr%’riﬂﬁs réd i 14ed ¥ f?Weufz?-%s%ﬂ'ﬂt r?ﬂﬂtcla%lo%c'fdi ties so
t hat -once Setéﬁ%ﬁé) erf certain test routin nnot readi ly be |

changed to do PN al B0 B3l gﬁﬁéﬁ;‘?l vépahblcﬁtbmly No.
sophi sti cat ed aimsﬁaves(sériazl NG .CORTE0896 ) echonl qtmdm eﬁﬁwmﬁé}i gh

there -
1o cur enter el ASR R SY nok D! BYER055 0 kR TeT: N A Kes
operational fland #73296GrBerdadatNd . 13135029 ¥ mse:)rﬂlﬂoe dHwldelatively |ow
~cost; the present 'Mﬁt%‘ﬂdtci'c PR eQuADRENLe ikURhonH M foh includes a
.'k/’ programmable unit capable under the control of an
' operator of generating analog and/or digital stimuli
and automatically applying such stimuli to a circuit
under test and of probing nodes of the ecircuit to
U ascertain_;the .circuit_ response and in consequence
- providing. an indication as to whether or not the
circuit is functioning properly and,'if not, diagnosing
Wherein the fault or faults lie. Currently available
automatic test equipment comprises relatively low cost
machines which ~are relatively unsophisticated and
prov1de relatively few user controllable facilities so
that once set up to perform a certain test routine they
cannot readily 'be changed to do something else, and
— also very expen31ve and highly sophistlcated machines
' ut1lizing computer technology to provide a high degree
of operational flexibillty. However insofar as we are
aware, there is not currently available any automatic
test equipment which prov1des operational flexibility
_and versatility at a reasonable and relatively low
oost the present invention aims to provide just. such a
machine. |
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2 According to the 'present invention there is provided

est equi pnent for the functional testing of electronic circuits;'
said automatic test equi pnent conprising: a programmabl e control

a digital conputer having geyboard and display facilit

er
ies; first.

he connection to saldpgrogrann} able controller of a plurallty
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mengation, _
 second means for the connection to'said_programm-
able controller of a user configured plurality of

.testing devices said second ~ means comprising a

plurality of function module conneetion s1tes provided
in the automatic test equipment with each of said

‘connection sites being eapable of receiving any-one of

a plurality of different function modules of
predetermined type designed to be eontrolled by the
controller, a user-configured 'selection of function

modules comprising a plurality of euchﬁmodules_being_

received in use in selected ones of said connection
sites, each of said function modules'being adapted to
be controlled by the controller iu the performance of

predetermined specific circuit testing operations and

including means to enable the function module type, as

| regards its functional-papability, to be determined by

_'and._"

the controller;
_-connector ‘means for coupling said plurality of
funetiqn modules to an electronic circuit to be tested;

a bus structure intefconnectihg said plurality of
function module connection sites with each other and

with said programmable conitroller in a shared resource



regards its functional capability, to be determined by the controller; .
connector neans for coupling said plurality of function nodules to an

el ectronic circuit to be tested; and a bus structure interconnecting said
plurality of function nmodule connection sites w th each other and with said
programmabl e controller in a shared_reséhrce- 3 arrangenent providing
for direct aptahgementodpreovdsingi ceérondisect! bmedaleutbunedine! udi ng:

(i) a com - S (PR L.ng - .,data from the -
controller ?@%h@%gi@%&%@ Poﬁ;ggdeﬁggg#%r%ggk?r%ﬁgﬁhégbﬁé operation of the
functi on npduIES'aﬁé)for_9@55¢¢@P%¢@Wtaﬂa&abumx)ﬁnmlfcommunécahhngionJ
modul es; (i) condd00dathi MPhoR B¢ U 1A%y CHRBL PusgEisnabl i ng
t he sharing of ggﬁloggresources thin the automatic test eEU|pnent by
di rect comunfO&P&R~ (ﬂﬂmﬁﬂP?QRﬂxﬁﬁﬁl?Rﬂu?@%rﬁﬁﬁ%$vQ§_Fhes PRCESARECt i on
-sites of anal agduliedulany aFor IFEPONGE GigIBAY; dasd (‘o iand afrom the
synchronlsatlgg gus ?OQE%ISIng a plurality of signal. lines for
enablking dire nek e POERAR5dul e conmmuni cati on for cr.oss-synchronisation
of events occurrindidit hi analegaustimulast eandeqanpiegt . méasurkheht
appr eci at ed 1 pQmee0nsaA9n3y Yhe lshdiidg! 66 4R 6¥PFERBLFEES RDEhin
description, a_signiflcant _
he automatic test equipment by direct communication
between function modules received in said conneotion
sites of.analog stimulus and response signals; and
(iii) a - synchronisation bus comprising a
-/ plurality of signal lines for enabling direct module-
to-module communication for cross-synchronisation of.
events occurring within the automatic test equipment.
As will be appreciated from consideration of the
~ following explanations and description, a significant
advantage of the invention is seen to reside in the
concept of a modular approach in which function modules
selected to suit the particular requirements of a user
are assembled into a programmable unit wherein software
programmable hardware modules configured according to
- requirements provide a oomprehenSive range of test sig-
nal types and control features.
K;? : In an exemplary embodiment of the present
invention which will ©be described more fully
hereinafter a programmable controller, configured as a
microcomputer and advantagoously provided with full
keyboard and high resolution colour or black and white
graphics facilities, co-operates with a number of fixed



advantage of the invention is seen to reside i'n the concept of a nodul ar
approach in which function nodules selected to suit the particular
requirenments of a user are assenbled into a programuable unit wherein :
‘sof tware programrmabl e hardware nodul es configured according to requirenents
provi de a. conprehen5|ve range of tedf sig- nal types and control features.
iin an exenplary  enbodinment. of the present-invention which ~wll be
‘described ABterracgshy IHQki Aaf Powex HuURpkimmbée Cactiidklies, foenfi gur ed
as a mecr ocemutﬁnmmyaabaggfys Vi pllg and high
resolutlon gur ort 3 -and mhltéyazighﬁggd?a0|$n%|esp£%xg§gggates W th
"a nunber of SyEgmentation: jors ¢ 3uppters configuired: i es for
t he connectnumbho bWecawﬂuﬂaﬂﬁlnbéﬁﬂdﬁﬁsfﬂ%ﬁ%ﬁjh§%htn?BPU@§Qh§ﬁbon
controls, p ser configured nunber of optional interfaces which nlght
for exanple |nc ude - mul ti-bit input/output nodul es wherein each bit:
may be indi vi duamb}tisbitcanpuffatipitasnadul eputwimredn agaént pit,
isolated logic dyke th d.logic,inputs

neYenr ind@“ﬁ&@ﬂ? ussr Bé?é@%%%i%pes BotBPBS 11 om

programmmabl e to acCep as”input st
_ or as an outpu ;




the rerminder of the test system and nultiple isolated relay swtch

ouf puts under direct program control

the occurrence of a SYNC, relay matrix nodul es providing an X-Y relay.

switching matrix of X lines to Y lines for general pur pose use with
|nd|V|duaIIy control |l abl e rel ay’ smntchessat crossover nodes between the
any conbi nati on of connections to be set up and

and
ena

enp
and

controllable as to S|gn§E bev8CLsasf ispubnstateseand ; opvad bapla fed dirioan

Y lines enabling

bling the' lines to be used for fan-in or fan-out applications; -

probe interface- nnduIeSipbqum@mu;xﬁgm&rlﬁabuleger&@@aqdﬂﬁy' duggyﬁyk
arrangenments wherein
| oyed for stinulus dsdlatedeabeg beredhpat scipreegtammateke abd \doreplt Nul us

measur enent buses;

gener at or nodul es

Si
nea

nature analysis a
rement facilities;

probes ‘and  active or passive jigs. may be
anal og ~stinulus/response. nodul es user

for generating user definable waveform shapes;

ndhef r@qnaém fadiree kaat mhbem, and lmﬂttg'.nﬂhase |

guence emulator nodules for use

m cr o- processor or LSI éﬁ&?&ﬁdonreﬂéﬂteFHiQEHerQFFBHtS under leECt

program control with the option of changing

state on the occurrence of a SYNC;

. relay matrix modules providing an X-Y relay

~switching matrix of X lines to Y lines for

general purpose" use  with individually

controllable reiay'switéhes at crossover nodes

‘between the X,“and"Y' lines enabling any;
combination of connections to be set up and

enabling the lines to be used for fan-in on

~ fan-out applloations,

probe interface modules prov1d1ng electrical

interfaces for probing arrangements wherein

probes and active or passive Jigs may be
_employed for .stimulus- and/or -measurement at
| cibcuit nodes and via stimulus and measurement
.buses; _ | |

analog stimulus/response modules user
controllable as to signal levels, frequencies,

etc.;

analog function generator ' modules for

generating user definable waveform shapes;

with the option of changing state on

X



| ogic state analysis and testing; and other nodules as will be described
hereinafter or as the user may care to connect . to the system The system
advant ageously is arranged to interrogate the nodul es connected at any tine
into the systemw th the nodul es provided with uni que code indications as-
to their type and function, -whereby the system can determ ne for
JAtself what nodules are present and where they are located in the system

‘sttucture and wi.ll organize its internal routines correspondingly. The
herei nafter described enbodi ment inclgdes a synchronisation bus conprising
-a plurality of signal lines designated to be used for the synchronisation

of nmeasurenents aimaturderapakysisw ghidn . tfire aesticym mddsuement

synehn ot ot fon, o4 fes “BA4YEHng [od ipnSUhalhe PR L1 L4 P

digital input line, Via a pro _ * i ncl udes
stimul us and measifgusnge berlatomndgeatiukespalon valsg tin almireny si gnal

stimulus line todssydr cCHRd LB Cedy TLETON sgmm | ddiferdiidi d,p, al | ow any
signal to be neasured to- . be switched ontd common asurenment |ine t\

which al |l types ofP&khsthalfRn3lksis (3ndtRAINB I n or associated with the
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i npl emrent ed.system advantageously is arranged to interrogate the
modules connécted.at any time into the system with the
_ modules providgd with uniQue code.indicétions as to
' their type and* fdnction,:-whereby the system can b
determine fér'itself what modules are présent and where |
they are located in the system structure and will
organize its internal routines correspondingly. |
' - The hereinafter described embbdiment'includes a o/
Synéhronisation bus cdﬁprising-a*blufality of signal '
- lines designated to be used for the synchronisation of
measurements and/or other events within the system with
the synchronisation being derived from 'the system
computer, from any digital input line, via a probe,
etec. - The embodiment further includes stimulus and
measurement bu;ég arranged, pespedtively, to alldw any
signal stimulus 1line to be switdhed_ onto a common
- stimulus line and to allow any signal to be measured to-




The system could further conprise special signal injector and/or

neasur enent probes -which in.conjunction with the remai nder of the system
may be used to neasure voltages (both AC and DC), current, frequency,
digital levels and digital signatures, and which mght also include an
al phanumeric or graphic display for indicating to an operator information
such as ‘a designation of the next point tb be probed in a sequence
control'led by the system software. The probe advant ageously m ght al so

i ncorporate a BEQQﬁQ%%@daQﬁhﬁgé_ O Shitbh aheGSNKERERE 2AR itgg WiepPR1ae to

act as a digital storage oscl scope W, waverorm di'sp

graphi cs el enegypek bife meR$RrdmentSYSdEM ity pro&i&@&pgﬁt5¥ea§§bcﬂ¥y%d-'
probe configuration, t he system- advant'ageously w | be arranged

such that an opgtht Whe Sequbpmest cRave Hahwssesi w}atﬁ%@iéﬂﬂtoﬁo%gmi na
sequence controlled by the software and the neasured val ues or probe

signal s are di spsdgnd dogks;, vohal | redoarded’ Or athe A¥sted PlcAn | Be
arr'eAgenment enabling a probe to be noved autonatically for testing a
series of circedvantdgeousdiyr utfiflimed cdot r daxiziusn ridylantage Rnavi éed,
and additionally  or alternatively a robot armprobing facility m ght
be provided w epmarebposizemseliitrsth frobdity baf nbhed systemtézml lbe
under- conput er control in an optinmally pro- grammed sequence to speed fully
automatic di aghBBL&meRkedprobe coul d further be arranged for use in a self

test and di agnosi s de of the aut tic test equi pnent for
_ 9 S ?ge system couigﬁ further c m&%ise special signal

W injectqr and/or meaSurement probes which_in cbnjﬁnétion
with_the'remainder of the system may be used to méasufe
voltages (both.AC'and DC), éufrent, frequency, digital -
levels and digital signatures,: and which might also
'ineIﬁde an alphanumeric or graphic disbiay for indicating
.to'én operator“iﬂformation such-as a designétidn of the
next point to be brdbed in a sequence controlled by the
system software. - The probe adVaﬁtagédusly might also
incorporate a high speed analog to digital converter
enabling'ﬁhé probe'to act as a digital'éforagé.osciilo-;
scoﬁéﬁwith waveform display on the graphics eiement of
the  overall system.  Irrespective of the probe
cdﬁfiéubaﬁion, the sjétéh'  adVantageouslj will be
arranged such that an opefator is'ihstructéd:to probe
déSignated circuit nodes in a sequence céntrblleg by thé -
sdftwaré and fhe measungd.vaiués br probed siénals-are
_displayéd and/or vocalized'énd7OP S£Qred; _An‘x-Y pin'jig

N arrangement'énabling a probe to be moved-automatically
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Software for the system described m ght enploy a standa

operating systemsuch as CP/Mpernmitting access to a wide range of

alternate -

support - software and enplqying I'ts own test program ex
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injecting. signals into _or..receiving signals from any

point within the automatic testing equipment itself and

up to and 1nclud1ng external eonneotions.'

Software for ‘the system descr1bed might employ a

standard operating system such as CP/M permitt1ng access

d to be
awn"

e wll
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to a wlde range of alternate support software and'

employlng its own ‘test program. exeoution and editing

facilities. The software de31rably will be configured as

an interfacing aid comprising a sequence of instructions

on a question and answer basis and advantageously with

colodr’prompting for ecial function keys with the key

funotions,determined and controlled by the software, and

will:be designed to-lead a user sipply through the,stages

.fequired.to create an ioterfaoe_with a unit under test

and to adapt the system.for alternative signalflevels,

and will also initlalize data for the test sequence

, aqapting_.itself to the optional module. configuration

plugged in. The user has merely to define each signal by
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nd data logging facilities to a printer, serial channel or

cribed herein . is a manufacturing defects anal yser (INDA)

an be associated with the automatic test equi pnent. VWher eas

test equi pnent per se is despggned to effect functional
ircuit board or the like under test, that is to say the

printed circuit board of test signals and sequences thereof fornmulated to

enabl e the fun

ctional operation of the assenbly to be nonitored by

moni toring of &ypeegpdndhrgseifgrare uﬁﬂalmadnfaeaﬁgntappsoonﬂatmfmnténﬁﬂ

nodes of the a
testing of the
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inserted and/
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def ects such as short cifcuits, tracking faults, ms- 10 .
§Pechfds rﬂjtaan%ﬁwenwﬁ OBf WayGIforsh hansm ArstEeqwined t he
%lvbdual ntegrated circuits, etc. The MDA nDduIe satisfies
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the test program. The software may further accommodate

self-learn algorithms _for baseboard/loom testing and

signature analysis, 1logic analyser display of signal
lines; versatile input/output handler configurable for
IEEE usa instruments, and_data logging facilities to a

printer, serial channel or disc. .

Also 'described ‘herein is a"manufacturing defects

analeeri(MDA) module which can be associated_with'the

_automatic test equipment. Whereas the automatic test

-equipmentfper se is designed to effect functional testing

- of a circuit.board or'the like under test,'that is to'say

the-testing of the circuit board by application to inputs
of the powered-up printed circuit board of test ‘signals

and sequences thereof formulated to enable the functional

'operation of the assembly to be monitored by monitoring

of corresponding signals obtained from outputs and other

test nodes of the assembly, the MDA module is adpated not '

so much for functional testing of the overall circuit

board assembly as for the determination of manufacturing

defects such as shor-t circuits, tracking faults, mis-



majority of functi onal faults. . originate at manufacturing )
defects such as those aforenentioned, and that -an acceptance rate in excess -
of 90% can be obtained on. full functional testing if a prelimnary
rudimentary fault location is effected based upon |ocation of
- manufacturing defects. The manuf act uri ng defects anal yser nodul e -

< herei nafter descri bed. is for testing the viability of components on a
printed circuit board or the |like and conprises a nmatrix array of 3
bidirectionally current conducting af@l og switching networks each defi ni ng

a test p0|nt for connectjon to, a node of a board under test and
connect abl ¢nS§tedndngd/ony; nigging, @’é‘ﬂ(ﬂﬁ nékkor fei thedrenance sti nul us

source or tdbmbdn@frﬂrssncmd etige . £@ROVIGN OPOE%ﬂtlinG%hl qutﬁegwﬂéljéf ggteaglslné o

to a corr u G
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as a result of analysis of fault types, that by far the
maJority of functional faults. originate at ,
manufacturing defects such as those aforementioned, N o/
and that an acceptance rate in excess of 90% can be
obtained on full functional _testing if. a preliminary
'rudimentary fault location is effected based _upon
location of manufacturing defects. ' ' -\
The manufacturing defects: "analyser module :
hereinafter described is for testing the viability of
components on a printed eireuit board or the like and
comprises a matrix array of. bidirectionally current
‘conducting analog switching networks each defining a
_test point for connection to a node of a board - under
test and connectable by control of the switching
network either to a stimulus source or to a reference
(e. 8. ground) potentional and simultaneously to a
.oorresponding -input of a measurement facility. ~ The
manufacturing defects analyser module advantageously
further comprises _means' enabling a- plurality of
'stimulus _sources to be selectively connected to the
array of switching networks, thereby enabling both AC
‘and DC current and voltage sources to be utilised to
determine circuit board and eomponent conditions.



transm ssion gates are commonly connected at one side to define the test
point of the respective switching network and at thejr other sides define
four term nals which constitute the input/output terminals of the network.
Furthernore, the control termnals of the four anal og transm ssion

gat es are- preferably connected together to define two control terminals
for the network so that by. application of an appropriate input to a

reSpective one of tfge t Vigh el g0 rghfggﬁfﬁ%Mtﬁgq?&yyés §ﬁ5§Sp§f%f%F%%ﬁ§tdf t he

bi di recti onal anal og transm ssi on gat es e SWt ion so
as to connect ¢PBPYE3E ﬁepﬁtbéﬂirﬁétﬁ@nﬂérhmahQ&I%raasmiﬁsknnrmﬁhsssource

and secondly twhgchewRald VBei r&bﬁfféuﬁéuﬂ E%asaliséﬁeé‘éef%ﬁ'ell'dhyeffeeéf t.he
ot her of the network . contro is addressed

appropriate i nptRn Siﬁ%ﬂrc8ﬁ€€P§%ﬁyq¥Hb PReterRPhY aretHa ntategraled| be
connected to geredibr &nymot her - ap@hepr ifaua: pcbminebﬁftmmeasau&sn@@t
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thus will be abpré@fanedtmﬂ)tesknmmisb off dlve nesmpeatdlve switehing
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ref erence. potentional and nmeasur enent oi nt

sel ectively cofmERR alfonsliitide « henelapph(Putrul terninals fPfstthﬁ t he
measur enent nqeeswmo trmmtﬂfeafnmcee, SEHhEé C8oAbBAoR. teemdRd1al dfethe

eashrefent DofGEr - KL Halint AV © ghted "ate ™ Seferably "
connected together to define two control terminals for
the network so that by application of an appropriate
input to a respective one'qf‘the two network control
terminals a respective two of the bidirectional analog
. transmissipn,gates will be switched into conduction so
A as to connect the test point of the network firstly to
| ' the stimulus source and secondly to a respective input
of the measurement facility. =~ If the other of the
network control terminals is addressed with an
appropriateiinput, then conversely the test point of
the network will be connected to. ground or any other
~ appropriate point in. the measurement system and to a

different input- of the measurement facility.

!

\_/'l

The _sw1tch1ng networks constructed of four
bldirectional ‘analog transm1s31on gates thus will be

- appreciated ~to comprise four = terminals - each
selectiwely cdnnectable"to_,a -respective one of a
stimulds:.Soubce, ‘a refefence_'potentional and two
measurement -nodes, - a', test point 'selectively
'connectable either to the stimulus -source and a first
of the measurement nodes or to the reference source and
a. second of - the. measurement nodes, and two network
‘control terminals which determine which of “the two



different test point connections avail able through the network are

‘realised.
graphics facility.advantageously will

"dr aw

In accordance with a preferred feature of the invention,
include a Iight. pen enabling a user

in" specific si gnal sequences or  wavef orns to

|nterpreted and encoded by nmeans of system software for inclusion
,fequired into a test program By vi ftue of this feature, data

represent atj .
entered i ntwo

be
as

i ncor por at erémmnk tdree amlatseah of the equi pnent by use of ‘a means

responsive to thfn @gggydgﬁpges&ﬂﬂt [ on%pg £ErHSE" fQJ §gw£ﬁéj si gnal .

sequences and/ or wav

conput er.

t her ef or,

with mcroc

or s corresp on

t he

3}% gpsijtrgg sequISces an% way, formsqotax_{fereadlly be

a inputs to the

invenyriomar the uignappicsi sfa@hste eﬂvanéagnoenaworwiawabl es the

setting up jhdi8sde pgogigghﬁorpéip hablhlingal a SUEM thNshgpgRNtinci reuit . or
conponent by use of a |light pen in conjunction with the dlsplay faC|I|ty\‘j

t he conput &Pactfitapl 81€R81LuscFeUBeRRER | B sp¥aVELerBSynabCsedf
and/ or qufrwmﬁaddﬂ%naorawoaredf (Uy ‘meahysSbeNsy St éMesd LxhaPe @M A

speech synt,hesi s ,modul e adva e rovi ded for rba
communi cat iR RS HeeY ‘?qn g’?\ﬁo ?gggﬁg Pg°§ﬁamt he Bgys‘fi:‘"rﬁ
advant ageowsﬂ yehiis Ifeafumte}eldad:anpeps'esdnsattﬂveves spee bf tord ignd er

the automatlc test -equipment of the invention to be
incorporated into the operation of the equipment by use

of a means. respon31ve to the manual representation by a

user of the required signal sequences and/or waveforms
for generating corresponding data inputs to the
computer. More partloularly this feature of the

- invention enables the setting up a_test.program for an

electrical system, instrument, circuit or component by
use of a light pen in conjunction with the display
facility of the computer to enable the user to describe
specific signal sequences and/or waveforms to the
computer for inclusion in the test program.

nces

Sl E{Hcﬁés %&/oﬁ%ﬁf@r‘mé%&h Aafd 11} 1 GRERY Vi fssoci at ed

A speech synthesis module advantageously may be

provided for verbal communication between the system
and 1its. user, and the system advantageously will
‘further comprise disc drives and a controller therefor,
a prlnter port, and other such facilities commonly
associated with microcomputer equipment.- o

' The keyboard advantageously comprises a dual mode
structure comprising a first QWERTY typewriter style
lelectromechanioal-keyboard cdmprising_full travel type
keys and matrix drive and sense electronics for
capacitive or other sensing of depressed.keyS'and“with
a plurality of -special function keys ahd;' on the

QJ



The keyboard advant ageously conprises a dual node structure conprising a
first QAERTY typewiter style el ectronechanical keyboard conprising ful
travel type keys and matrix drive and sense electronics for
capacrtrve or other sensing of depressed keys and with a plurality of
special function keys and, on the verse of the el ectromechani cal
keyboard, a second nenbrane keyboard shar ng wth the el ectronechani cal

kelyboard a comgrSQC%ertﬁé”éi'etctW | ah%gfaI{Ha#ﬂ Cﬁé?ﬁoé{‘%&h taheséée’ﬁxé?red

ni croconputer via a bidirectional ser |
feature of t%%mPﬁ%Eﬁt#GNb°ﬁﬁéIéﬁﬁﬂkﬂﬁswéﬁbhtherﬁﬁeﬁbr¢@@pbanﬂcalerently

col oured speckeybbaindt aoreduiien hewésde 0kl vaue td8idH né@bﬁunf&&ﬁééons and
t he col our gr gp%cs drsgl of th system.is arranged to. display a_row of -
Wit e

correspondi ng¥ 0 FLOrLComPhSrs ¥denh ?el%%?%ﬁe?Biﬁnﬂisplayed_
menu or progreeriel ecdatalio@. on. Bs vartpeepéridd s fAatAeeoft the speci al
function keys re y. fit to the user and the use of

t he—ssyst em %ﬁ%%eiog ?%é k%€Q$QF§% %%Qﬁ conplex routines, can be
made relatively sinple and "user frrendly Whi | st the |nvent|on\MII
be described hereinafter with partrcular reference to autonatrc t est

equi pnent , . _




that is to say equi pnent adapted for the testing of electrical and
electronic circuits separate and distinct from the automatic test

equi pnent itself, it is nonetheléss to be appreciated that test

equi pnent . according to the present invention can be configured for stand

al one use as personalized_instrunentatiﬂh or as a personalized '
workstation in the sense that the instrunentation or workstation is

{venti on t mavEce ol B BrEeReRsly BIBorat ARSI Tumehidh 5%

L L LA T AT Lo, A R 0 11

co- operati-on ~ fixe .- optiona aces Ssel ect'e

~accordance gkipniéSedibpiky ot Hi@dsydbem i8VERLaARelNYS digpidly d (M ted

as regards 1ts usefulness to the field of testing. Further fe s .and

advant ages Ofow hef RYeYdEp oy fiig 1 PredldbhirdE A0 BRPEE B tsdgniA O REIGHer at i on -
of the follow ng.description of an exenpl ary enbodi nent. of the invention

which is illpslatirg to 4hdisplaypdnyeny o v difamhsyidt torFicptionlA | s\
bl ock diagram of the controller section of an automatic test equipnent
~accordi ng toByheiptugenf ithienmrogngémpnte tid special Wfuackiodi &gyam
illustrating the interface organization and data bus structure of the
automatic teareeqfii great Lot et edi fpenefit to the user and the use
: of. the System, even in the pehformanée of complex
routines, cén be  made relatively simple. and ‘"user
friendly". _
Whilst.the invention will be described hereinafter_
with particular reference to éutomaﬁic test eqdipment;
. _that is_.td say equipment édapfed _fOr" the testing of \/
| electriéal and elecéronic'circuits separate and distinet
from 'tﬁe automatic test equipmént itself, it is
nonetheless to Hbe appreciated that test .equipment
according to the.present invention can be'configured-fof
stand alone use as personalized instfumen;ation or as a
- personalized workstaSion in  the - sense that the W,
ihsﬁfd@ehtatidh or workstation is éonfigured by the. user
ﬁ@'éuitlhis personal requirements. -Thé present invention
thus'extendSTalso to such_a'personélized_instrumentation
or workstation'configuratién comprising a controller as

aforementioned - in co-operation with fixed and/or.

optional ihterfaces'



Figure 2 is a schematic circuit diagramshowi ng an exenplary arrangenent
for the generation of a SYNCsignal; Figure 3 is a circuit diagram
illLustrating a neans of identifying the interface nodul es provided at any
time in the automatic test -equipnent and indicating furthernore
their Jlocation wthin a system backplane; Figure 4 is a block diagram
of an exenplary function generator nodyfe one or- nore of which can
be incorporated as desired into t hellaut omati c test equi pnent ;

Fi gures 5A, SBselelct&di Iimstao\c@rdandaé ocd(itihagtlaén fodsk al 1101 edndye

t echni ques whi 0 t | est e si gna
i dent i 19| cati onfﬁ B %ﬁ% %?@F % n&Pt i gﬁgggﬁﬁt |‘{’1 ?
Figures 6A B%° Eh@eS%Ctolth%sfi%}@dO pﬁ%&bined si gnat ure anaIyS|s shift
register arr angeneng@r%#élablﬁg_%%st hgn?r HAVIREE % oéf Fiegidr e&-és“enéB ‘and

.5C, Figure I agra an exenpl ary frequenc
counting/tim nbnve% e Wilhi c‘hecor&en apprrenf or fovmt eernmidenafelemt omat i ¢

tes{_equi pnent of RIS 13 dvel riy FelzRMptd on bFUAR ékeﬂﬁmieémw@fmw an
ek oo ApAREISH wplon o ERuakPRER Lo 0D didenint i e
exenpl ary segdeamingsewhémeim:- nodule which can. - _
- Figure 1A is a block diagram of the controller
section of an automatic test equipment according
-to the present invention, : _
Figure 1B is a bloeck diagram illustrating

~ the interface organization .and data bus structure
of the automatic test equipment of Figure 14; '

' Figure 2 is a schematic eireuit diagram showing

9 ‘an - exemplary arrangement for the generation of

a SYNC signal; o . _
Figure 3 is a ‘circuit diagram illustrating
a means of identifying the interface modules provided
at any time in the automatic  test .equipment - and
indicating furthermore their location within a
system backplane; | o
' Figure Y4 ‘is a block diagram of an exemplary
_ function generator module ' one or  more of which
\c/- can be incorporated as desired into the automatic
n test equipment- '



incorporated into the automatic test equipnent; Figure 10 is a .
schematic-representation of the cycle time of the sequence enul at or nodul e -
of Figure 9; Figures 11A and 11B illustrate nodifications which can be nmade
to the sequence enul ator nodule of Figure 9; Figures 12A to 12D show an

alternative emul ator subsystem conprising a master emul ator and a nunber of °

sl ave emul ators each conprising a nodul & of the system Figure 12A being a
.general arrangenent diagramfor the enulator subsystem Fi gure 12B

‘illustrating -t ‘ tupi ngof data.in M.s provj-ded.in the emul ator
subsyst em Figungiéﬁféglﬁéfr§ﬁlﬂf hgcnéésgﬁtgéﬁﬁn%ﬂ B%°Thedé65§§§tenhand
Figure 12D t | i o Bl OINE £ $L3 1k S5 £ h . C pL.es ' ' atch-
switching re ay’én@f%&fdn%%?egéﬁgaﬁéﬁ4ﬁggég g‘%ﬁekgt ?@Eghg\%ﬁngﬁoghgn s
active jig adyEsmeiedtsady Eihd UeRd Q4 t hey. ; s e I prent ;
Fi gur es 15Aaefamd 15B arteé,!euqﬁéihval enét)[ﬂ?:! rcuis\tqlss_tr%n;l ?’?e%llﬁt _%{?Eartg'toté‘ ggnéggf t he
operating préfcd igmtde ldaBesdiyCand IePAnki BL6R ddunkifpre 16 is a -
schematic representation of a switching network of a manufacturing o/
defects anal yser Figlites WBAGh 66BN am@ 6ged iMidstrdted aphefBhheq test

.equi pnent of Figures 1A and 1B; Figure-17 is a'nore detailed representation
of the swi t cnignp tnateroakadyskisguskift; register arrangements usable
‘with the arrangements of Figures_sA,'SB and 5C;
| 'Figure '7 is a -block diagrgm -of  an -eXemplary
 frequeney. counting/timing ~module which ;-can be oo’/
incorporated into the automatic test equipment; :
_.Figqfe 8 is a Sehemaﬁic.éircﬁit diagréﬁ fepfesenting_
an exemplary practical realization of 'a signature <
analysis and frequency measurement'modulé;

Figure 9 is a schemétig block diagram - of an
exemplary | sequence emuiator module which. can be
incorporated into the automatic test equipment; | |

Figure 10 is a schematig“representation'of the cycle
time of the sequence emulator'modﬁlefbf Figure 9; -

 :?igufeS 11A and 11B illustrate Qddific;tiong which
can'bélmade to the sequence emulator module of Figure 9;

Figuréé 124 to 12D sﬁow_ an alternative emulator
Subsyétém comprising a master emulator and a number of
slave emulators'each'compfising.a module of the systen,
Figure 12A.being é general arrangement diagram for the_
emuiator - subsystem, Figure 12B - illustrating the

structuring of data in RAM's'provided in the emulator

v



Figure 18 is a schematic circuit diagramof an exenplary manufacturing

def ects anal yser nodule; and ..Figure 19 represents how the manufacturing
defects anal yser nodule interfaces with-the automatic test equi pnent
system _ . Referringinitially to Figures 1A and 1B of
t he acconpanyi ng draw ngs, these show i n bl ock di agram form the general
arrangement and organi-sation of an exenpl@ry enbodi nent of automatic test.
equi pnment according to the present invention. The enbodi nent adopts a

qul e . !
froaul ar aPPsARSY st NRl gL qge Pﬁﬂ&tkit%&“%ﬂrﬁgstép &ﬁc}ﬁﬁtfourn&f‘i onal

variation of its cOnfiguration by selection between a range

nodul es, and th¥ suBisystemaand Figue@iREned s1@aapl e of providing a-
conpr ehensi ve range of test signal types and control features the |ike of
whi ch has- previ ousFygheen 13vais abl schehitit eepreFentatidhi dF @ Gartenof
magni tude nore than the hereinafter. described enbodinent. The

concept under Isyiitghinige redaydmakmtix modarde; of total interface nodularity
wi t%~i ndi vidual interface requirenments to suit any desired function being
satisfied by sel ect Fédgutreorhta 53 aadachematde oshowing f aeanpaeitdyearid/gor by
t he addition of special nodule types. In either case, the enphasis in the
enbodi ment i's @psangeaest JoTickareanr &g dved| ¥ikhr dheapptapabies tesd ease:
of interfacing with standard soft- ware enabling engineers and the |ike who
‘are new to the®94dPPRBAS swiftly to reach a condition of conpet ence in

. Figures 15A and 15B are equivalent circuits which:

W o illusﬁrate-some'df-the opgr;ting principles of the active
jig of Figure 1l; |

Figure 16 1is a sdheﬁatic_ representation pf a

.switchihg network of a manufacturing defects analyser

~ module which can be wused with the automatid test
equibment of Figures 14 and 1B; | l
Figure'17 is a more detailed representation of the
switching network of Figure'16;  |
Figure 18 is a schematic circuit diagram of an
- exemplary manufacturing defects analyser module; and
" _

. .Figure *19 represents how the'manufacturing defects
-anAiyée;; mod@le interfaces with the automatic test
edﬁipmenﬁfsystem.
| ‘Referring initially to Figures 1A and 1B of the
accompanying draﬁings, these show in block diagram form
the general arrangement and organisation of-an.exemplary,
eﬁbodiment-of_aﬁtomaﬁic_test-équipment-aécor@ing-to the

present'-inventioh.- " The embodiment adopts a modular



interfacing and test program generati on. The herei nafter descri bed

automatic test equipnent is structured into controller and interface T
sections as illustrated respectively in the block diagrans of Figures 1A '
and 1B and these will hereinafter be described in general terns before nore,
detail ed.” descriptions are provided per%alnlng to specific interface

- nodul es and ot her functional" conponent The controller conprises a

‘m croconputer within the functional testing system which provi des a

central conppiédehl GROWHEEL - tﬁec@gﬁlﬁ@me@ﬂ'td ££05eRGEthP8AORE! Aladi LOf the
‘har dwar e |nterfaces to the unit under test (UUT), and also includes control

and data i nterfiatisn fof ibe amdErigurfatidte bgySelacticn Betw@kAUm
graphics. display and- multi-function keyboard, and peripheral .

i nterfaci ngrangée oft diunactd ol | aroqules desamd vayi ethisf meynd amé out put
signal types for connection to a UUT by virtue of the provision of a
plurality oequhpmechaﬁgeeapebmﬂ Qf aprovidimgsawgomprebepisd vei mangee
controller Dby neans a - not her boar d/ daught er boar d .arrangenment and
conmuni cat eCH ttﬁstthesirﬁ'lﬁf:bcGﬁpﬁﬁeraﬂchpﬁ?ﬁén%utfeiaf-sﬂ‘eﬁweth@nﬂibﬁl @f is
shown.'in Figure 1A and general ly .conprises_a microconputer based for
exanpl e upofBhCY8HASHR %&?%B%%XOPQﬁﬁnﬁﬁﬁiéﬁblelﬂ?k% bn 2 iequipae nds

d d b f
EPROMI Tor oXSRBIEE - CRATEHGSPEr SRR 1Y Gisoy BEF€o Wi cbhBe HgRna 187 o
parallel_pragégglggét_gﬁﬁbggﬁggg_4_ The concept underlying the

. embodiment is one of total interface 'mOdularity ‘with ;;/
individual interface requirements to suit any'desired
functiom being satisfied by selection from a'standard
range of interface modules and/or -bfr the addition of
special module types. in either case;'the emphasis in -
the embodiment is upon use of software programmable hard—
ware modules and ease of 1nterfacing with standard soft-
_ware enabling engineers and the like who are new to the
equipment sw1ft1y to reach a condltion of competence in
;interfacing and test program generatlon. . : R
The herelnafter descrlbed automatlc test equlpment
is structured into controller and interface sections as
illustrated respectively in the block.diagrams of Figures
1A end 1B-.ar.1d these' will hereinafter be described in
general_ terms._before- more detaiied. descriptioms are
: prOVided. perteininge-to 'specific'~interface- modules and
other functionei'components."The controlleh comprises a

microcomputer within the-functionai testing system which




and. RS 232 and/or 422 serial input/output .ports-:designated 5. The
controller further conprises a full keyboard 6, a high resolution m xed

t ext and col our graphics display 7 advantageously wth a light pen
facility. 8, and - may further include a speech synthesis nodule 9 for -
operator " instructions and/or other verh#lisations. Qher controller
conponent's which will be nentioned but not described in any detail on

account . of theiJSs Fstrued nd fungti ons_being standard in Z80A
based micr oconrﬂ}‘t%e\;r-l'are %B@a%%% e%ﬁe'%eu:tta]’tn& Iﬁ,soli??gct@?rerﬁ?wr edRd

controller 11,shRnde”RHY bpdrit id t%@&tig?%tﬂﬂhv?afw% Qf?ﬁé’r”f’n%%ﬁé’sgg?g% bus

timer nodule 13." Parallel ports 14 an onmuni ca

with a pluralitynief ugidee elests\UyT) ,| iaRAS 2239 %E'iuﬁ'ésoBb}xfﬂ%‘iogﬁdoaaegt ion

identifier bus respectively, the said discrete swtch nes ~and option

bus being repriesrfates) EBogutRelRusénd of buhfeer syateatphes the #8iHur .
system bus to the mai n backpl ane input/.output bus which also is represented
in Fgure 1B. @maphigisso dhsplayreahd t howbbispiage pLoener IReyvodial f eganged -
as an interface conponent -is an |EEE 488 conpatible interface

control ler 17 fperipheradnieterdacting.heThquiptenfaoé sateionl psoeidesist -

i nstruments such as for exanple. a spectrum anal yser. Oher "fixed"

i nterface conpd@dredyofof tinpulysend evtpuitssignalodivpembler poomne stipm y
unit 18 shown_in Figure 1B and providing for exanple a fixed 5 volt 5
anp power .suppltﬁ ay apyndu‘tue of the provision of a plurality of

interchangeable interface modules which couple with the

.controller. by-_means, of a motherboard/daughterboard

arrangement and communicate with thé microcomputer
1nput/output_bqs. _

N -~ The controller is shown'iﬁ Figure 1A and generally

' comprises a_microeomputer_based for,example'upon a'Z8OA

microproeessof designated 1, up to 512K bytes of dynamic

rahdom.access memory (RAM)'designated 2 énd up to 32K

bytes of-ERROM for example; 'Winchesten andsfloppy disc

drivés designatedﬂ3,-a.paréllel'printer.port designated 4

\,f ' and1 BS,3232"and/or 422 serial input/outpu£ . ports”

| deSt;ﬁatedﬁs;' The-cqntrollerifurther compriseé a full

-ke}b@ard:aﬁ;,a. high resolution mixed text and colour

gfaﬁﬁigé; display 7 -advantageously with a light pen

facility.8, and'may fufther include agspeéch-synthésis

module § for operator instfuctiqns ._ahd/Qr other

. verbalisations. Otﬁef controller_cqmponents'which:will

- be mehtidned but not described in any detail Gn acdount



programmabl e power supply of fromO volts to 50 volts at 0.5 anp,
floating programmabl e power supplies of fromO to 25 volts at

Also a plurality of relay switches or the |ike may be included for t

show ng t he

control of external functions. Referring now particularly to Figure 1B, the..,
rein is -principally of - zhf “optional" interface nmodul es
es just nentioned. These

:as opposed to the "fixed" interface nmo

optional interfaces _are_con ured, <
A LH B, ApE LR T WtE 7 SufSrdtic

cordance, with the present

and two
1.0 anp.

he

' ' YRGS neRBahregt!
oo b icgcugt comp ol T Lo i -
desired to ?éu ?Sqw EJR’RE% orLfrOe[ he usefl vﬁ 4 %’fjréoiB S

- the mcroco (ﬁ#dgg , r
|dent|f|er;§i?é§%p?P§gP§ ent ?Bﬁtgﬁgf?ﬁeﬂfihbg & F%§§pt fe
avail abl e fr HPEENLE el dﬂﬂﬁ regpact cont
descri bed V\Aﬁ?%ig‘ierence to Figure %A ar%ez*‘a t%gggh!:%%yl Igl}(og?!ti%at gg

S
roIIer

Wil 1. be undeirdaed tgwits fIRGAAd tY5 | Somh@Yicete thO ma ik 08YE€LH0Bus tO ~’
conput er input/output bus, to the nodule identifier bus and to

however manyyidth téepduranidts scmtamsbraea W Itdh beine®r apdi aiict odnt he
uestion of a plurality of different plug-in nodules, each of
whi ch can mmqﬂmggedodetorammtﬁom.pﬂenaifigrobusmrésﬂéatiuxl#ﬁ cm@nectlon

the mcro-
nodule in g

Iocatlons

in . a not her boar d/ pl ur al
said discrete .switch 'lines - and - option bus being

represented in Figure 1B, and a buffer 16 couples the

" main system bus to ‘the main backplane ihput/output bus

which also is repfesented in'Figure iB.

. Shown also in Figuré 1A thbugh-morelproperly'to be

'regarded as an interface component is an IEEE 1488

‘ compatiblé'interface_contréllér 17 for the connection to

‘the equipment of external spebiaIiSt instruments'such as

for example a spectrum analyser. Other "fixed" interface

_componehts 6f-the system comprise a prdgrammable power

supply” unit' 18" shown in Figure: 1B and providing for

 exampléM; fixedj5 VOF£ 5 amp power supply, a floating

pr@gfamméﬁiézbower supply of from O volts to 50 volts at

'O.BIamb;'énd-two floating progrémmable power'supplies_of

- from 0 to 25"vdltslat 1.0 amp.  Also a plurality of relay

switches or the like may be included for the control of

external'functiods;

‘Referring ndw.particularly'to}Figure 1B, the showing

therein is 'prinCipa11y  of the*'"bptiOnal"'-interface'



daughterboard arrangenment. The systemis arranged to identify what type
of “nmodul e option is located in which connection |ocation. and to

organlze' its internal routines. accordingly. An interface connector 19
is. schematically illustrated for —enabling circuits .or equipment under
test to be approprlately connected to the plug-in nodul es. Vari ous

exeﬂplary plug-in nodule options are schematically represented in
Fi'gure 1B and are.-designated with the reference nunerals 20 to 29.
Considered in turn fromleft to right as viewed in the figure the various
nmodul es briefly conprise:- (a) a TTL dfMfital i nput / out put nodul e 20

providing 32 dedurss dsgldpq:lodemeSthhle acn:ved* eyaterehacagiciuiead for
transi stor- tran5|stor-lgﬁ TTL) gﬂ%i5|n1la gi grrangenents |nclud|ng_
OVOS | ogic, antPl ¢ HReRERCRPd: he 3FARRr PREY al *ptREIagEsHg are

i ndividual l'y mmﬁﬂx;unﬂﬂﬁa1nmhmcendamaeew¢bhtmhb Fresienterirmventipn, or an

out put, and al al g u r

di s\s-Vet e lines as%\/\/I(M';l%rT‘i'?lcoir'i Fggrggde‘g@i&%p%‘ﬂ 5E’(%ut pu%%mggﬁabei%sety% :
generati on ofaut®madsic ohestr amiinment &n whatesmernr qom’amabsoanmfout put
states (and chiyyeseet | ”BH&(:?H&DUEna§t atﬁé) %Qi%h' ongd | ys@EEUr e @ SYNC

(b) a progranmmabl e wavef or m gener at Or.
requirements of "the user. Shown in Figure 1B is the

microcomputer input/output data bus, the interface
module identifier bus (option ident ‘bus), and the
individual switech lines available from the components
16,15 and 14 respectively of the controller described
with reference to Figure 1A, - and - although not
illustrated it will be understood that a facility is:
: iprov1ded for connection to the micro-computer
— 'input/output bus; to the module identifier bus and to
“however -many of the- diserete switch lines as may be
approprlate for the module in question of a plurality
of different plug-in modules,' each of which can be
plugged into any of a plurality of available module
connection '~ locations in a - motnerboard/plural
'_'daughterboard arrangement. The. system is arranged to
1dentify what type of module option is located in which
U connection location . and’ “to organize its internal
routines accordingly. An interface connector 19 is
'schematically illustrated for enabling circuits or
equipment under test to. be appropriately connected to

- the plug—in modules. '



providing a plurality of progranmabl e wavef orm generator channels wherein
tthe waveform shape is defined in a digitised form of the normalised"
‘i nst ant aneous waveform anplitude at .a sequence of regular step intervals,
such sequence of anplitude val ues being held in RAM (random access _
menory) and stepped through in sequence with the digital val ues each being
converted. to a corresponding anal o@? val ue which may. additionally be
‘anpl i tude scal ed and subjected to a DC offset wunder software control.
Each channel mayyha ep an ntrol cj jtry _enabling each to
VRS TE R Y STHIGRTE" g FHG HREToRs e

be set to. different stepra a sca

and  the scheHhbrbally FBYreg¥ABRatLh Pl duPe 18!y |8 Held allalid Ui Ng

~allowing any output 1 routed onto the analog stimulus Bus or the
anal og easi ENetlie Dhef ONEe | Buiiefald P20 bt BET Ot Sns (WSS THY (i NC! Uded
to enabl e any channel t.0 be anplitude nodul ated from any other channel on

the nodul e promr dEFthecanalgdt ds MWiskeduin Ak SYNer&BYnePlia@idlsy be -
generated on any step fromthe waveform generator RAM and/or utilizedw’

to reset angodhlesebriefpyneomprise:the begi nning of the respective
sequence; (c). an analoeg _ function . generator nodule 22
: | (a) a TTL digital input/qutput mgdule 20 providing

32 discrete digital lines with active 1levels

characterised for transistbr-tranSistofalogic

(TTL) and similar logic arrangéﬁents iﬁcluding W,

CMOS logic; and with each of the 32 discrete
digital lines being ihdividually”configurable
under_software control as eipher'én_input or an'- 3;J
output, and alsoydynamicaiiy-changeable-under |
softwabe.QOntrol. ‘The discrete lines (whether
coﬁfigured as inpﬁt or outpﬁt) 6ah,be used for
generation of SYNCs. on .traﬁsitions- or on
pattern matchés'and Output'Statesi(and changes
of input/éutputistatés) eah.bptioﬁaily oceur -
on a SYNC; B ~
":.(b)- a prqgrémmable' aneform.'génerator module 21
o providiﬁg afplﬁbality of pbogréhmablé_ﬁaveform
'generator channels wherein the waveform shape
is .defined_.in a digitised form of the
normaliéed instantaﬁeoué'waveformiamplifude at
a .séquenée of regular step  intervals, such

sequence of amplitude values being held in RAM

£
L3



providing a plurabity of output channels program selectable between -
si ne, rectangular, triangular etc. waveforns for generating user- definable
anal &g . waveform . shapes with selectable anplitude, frequency and DC
qf f set and with the analog outputs advantageously relay isolated
and optionally nodulated fromO to 100% f#m ei t her the anal og stinmulus bus -
or; from anot her channel on the nodule itself and optionally routed onto the

ansl og stinul us bus and/ - al og nmeasurepent bus d with_each
channel preferabhyirkﬂu§$%§@é82é?§9ggnﬂ§§9ﬁfckﬁ%@?ﬁke?B?dggﬁﬁ?HGFoﬁnof a
SYNC i n- a one-shot node era-Gf O$RLNOS ; anal .

stinul us/ response nndu#gwelg%épr@v%i EBL" &fﬁz}nadl' _2%18\%& tea"’lgr‘fah being

reasur ement capabi |11y aaghdePbddal tby & baM-EUbLARIRC KARARS vahELe

outputs, - wherein vol t age neasurenents nay be en-from an

plurality of input '.Iineﬁhpéhf:ﬁ@yn.Abaiemahamlgeaéuaﬁm%uaedséhhaul Had
buses, voltage wave- fornms or DC |levels can be routed onto the anal og

measdr ement and/ or stimibulsjéetes, 8od iaPUC VObEPYEE MAHAES SaBPLAEren
response to a SYNC input to the nodule. ' The - anal og
stimul us/response noQud:cmtrG.B. mBach feldieel ophyonavey sepatatnd RAM to
a predetermned : S
: S and control circuitry.enabling-each to be set
to different step rates, amplitude scalings
and offseﬁs, ,._and the - outputs may
advantagedusly:be relay isolated with routing
allowing any. output to be routed onto the
analog S#imulus,bué or the analog measurement
Y : '_ .. bus shown in Fig. 13._ Furthermore, means may be
| - included to enable any channel to be amplitude
modulated from any other channel on the modﬁlé
or from the_anaiog,stimulus:bus,.and SYNCs may
optionally be generated on any step from fhe
L wavéform generator  RAM. and/or utilized to
I, S _.'_h*?g réset any chaﬁnel step member to: the beginning.
_  {__°f,the-respective sequence;

'vfﬁell_an-- analog funetion__'genératOr module 22
broviding a plurality of  output " channels
program sélectablé_between sine; rectangular,

~ triangular etec. waQeforms for generating user-

- definable anaiogj' waveform . shapes with

selectable amplitude, frequency and DC offset,



nunber of .anal og stinmulus/response extension nodules 23' ,and provide.

stimuli and neke neasurenments through them each extension nodule 23" %a

provi ding a predeternined nunber of DC or, "AC neasurenment ~channel §
on -

and voltage

out put s,

and can generate. SYNCs on alarmtype functions

any input. or output when the respectfve input/output current/voltage

Is greater/less than a predetermined [imt. (e) a signature analysis and

f requency neasurenent modul e . 24 providing for the neasurenent of
' "'5081\%_

frequenci es

of up t@EPdsHith

A Qghe ouRMES oRd¥BRBAES]WALNI gi t al

i . | Si | i Labl e | I d .
ovel * Gompat il o i ndlsy Jeatabed fa; PpbjoralikeroeniifeaFron ¢ 1 om
| attor providing a direht OTARLoR eapiky Ehe pf1bE"sElpiyp Bs on®

| atter providing a direc

si gnat ur es)

measur enent s,

ns o

_and adv@dRogasehdr chhiflel o thedd e (;gééff ghiference

pul se w

t hreshol d/l evel digit

plurality of discrete digita I nput / out put
--and -dydd7erl bytehatnealim lwidehesshi-umeRt C U0l aRg an

“configurabl e
I nput

and pul se counting faci

a variable

P tidnwLt -bb@ﬂé@%nt@éﬂéefngiogpé@Y{hHiGg. bé‘a ~
I ndi vi dual I'y

I nes  eac

with”each_channél preferably ineluding a zero-

crossing detector fov'generatibn of a SYNC in a

(d)y

one-shot mode upon a'zéro-crossing;

an - analog stimulus/respohse module 23

providing DC and  AC -voltage measurement

capability and a plurality5¢f~low current DC

voltage level - outputs; wherein voltage

measurements may be taken from any of a

plurality of input lines or from the analog

-measurement and stimulus buses, voltage wave-

~ forms - or DC’ levéls can be ‘routed onto ‘the .

Ianalog measurement and/or stimulus buses, and _

_input"voltages'may be sampled in response to a

SYNC input to the module. The analog
stimulus/response module 23 may further

optionally cohtrol up " to a  predetermined

" number of analog stimulus/response extension

- modules 23'”fénd provide:'étimuli and make

- measurements through them, each extension

- module 23' providing_a prédetermihed number of

g)

&

R % R
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‘orras an output, threshold levels for logic O or logic 1 inputs and/or

Qu?puts being user configurable for all of the lines under program
{dentroI SYNC generation being enabled on any logical transition fromO to
-~ 1.pr fron11 to O on any discrete input/gutput |ine or on a pattern

match on the input/output Iines in a one-ghot or a retriggered node,

! angd inpUt/ out put - 1ines being selectively routable onto a SYNC line to"

" enéble a signature to beDtak%u f?@m fngﬁshrg §| nghgyﬁégga%cfhm%/eées and

- frequency . neasurenent. nodule.
input data from the Iwtp/@stm&ndIé.«ms%eﬁeyatédsqnbe%ﬂuanépdoewp?éChed

escri

upon the occurrence of a sel ected SYNC, an updates to output I1nes (and

the input or output stat@uelctitmng / ol Pahy! | DEsUt Cadh alow@pR® PRERANGRI tO
occur on a selected SYNC, (g) an isolated logic digital input/output

nodul e 26 providing a plw@dpeu¢ﬁwb opimpuspbatpdtloguopemnuwslmaggramnable
to accept DC or AC input 'states, such - ITnputs being readable directly .
under’ program cont r ol atsmmpﬁanﬂiasstﬁﬁan;aepnﬂdaténminzﬁxﬂtmitio a SYNC,
and a plurality of 'single-pole single-throwisolated relay switch outputs
under direct progK@ﬁlc@nﬁﬁ@nahuﬂet&nalxﬁiSManﬁ Bequent e mes sy ramant
| module 24 proyiding for the measurement of
._ frequencies of' up to, say, 5'0 MHz and the .
'taking of compressed digital data signatures:
(N | _ jand comprising a plurality of variable levelr
_and TTL level compatible inputs with the
: facility further to take inputs from the analog
(O : | '_: © stimulus and measurement buses or from the SYNC
| lines.(the latter:prouiding.a direct means of
taking  digital input signatures) and
- advantageously also_ Jto ; provide phase
'difference measurements, pulse width and pulse
f_counting facilities, | |
n!f(fif.a_ variable. threshold/level digital input/-
“'r_ii output module 25 providing a plurality of
.Fft'discrete digital input/output lines each"
-individually configurable “.and 'dYnamieally
changeable under software oontrol as an input-
| or as an. output, threshold levels for logic O

or logio 1 1nputs and/or outputs ‘being user

configurable for all of the lines under program



|l i nes. may be directly routed onto a SYNC
“®

nitiate a change in state. |nput
l'ine to enable a signature to be taken fromthe line by neans of a

si gnature analysis and frequency neasurenent nodule (as described above),

~and SYNCs can be generated in response to any transition on any input line
thernore a rectified and digitised

or pattern match on the input lines. gz
input may be routed onto the anal og ned&Surenent bus to allow the frequency
'of an AC input voltage to be neasured; (h) an . enulator subsystem

conprising naster erggm¥ral ansimd:ageneﬁultabar b@mﬁ] eSnatVedNén 2dny
respectively, for . providing hi gh speed. parallel digital

i nput / out put and glvulpgmcaﬂﬂmnuﬁsbuloﬁ flabm Oummuniﬁhiﬂkﬂmltaﬂouoe
useful for pattern generation, |logic state analysis and m croprocessor
enmul ati on. The mast em enwladéscrsmdulénpﬁt/oumppmisésnethmrcmmural
circuitry for. up to a predeterm ned nunber of sl.ave enul ator nodul es and
provi des sequenci ng Pehtes madeht pa theavinputdputpnt tines, inwathe|K~J

part, conprise a .plurality of high-speed RAM backed digital
input/output lines e&®-HAHanioFal oy retrigaened M%enmdnpunpuhd out put

states;. (i) a nultlplexer swi-t chi ng nodul e 28 prOV|d|ng
output lines being selectively rou able onto a

SYNC line to enable a 51gnature to be taken

fron the iine-using a.signeture_anaijsiS'and
frequency' measurement moduie“ (as described o
above); '_ Furthermore; ‘input data from the |, ~

input/output lines may adventageously be
latched upon the oecurrenee of a selected SYNC, <
and updetes to output llnes (and the input or
.'output state of input/output.iines)'oan also be

programmed to occur on a selected SYNC; |

(g) an isolated logic digltal input/output module
26 providing a plurallty of opto-isolated
logic inputs programmable to.ecoept DC or AC
:input .stateg; suon inputs oeing. readable
directly under program control at any time or
being latched in response to a SYINC, and a
plunality of single-poie single-throw-isolsted
l reiey switch outputs unden7'direct program
control with the option of SYNC intervent1on to
.inltiate a change in state.' Input 11nes may be

d1reotly routed onto a SYNC line to enable a.



relay switching X-Y matrix for general purpose use having individually
cofMitrollable relay switches |located at each crossover node between the.
X and the Y lines and enabling any conbi nati on of connections to be
established for exanple for wuse in fan-in or fan-out applications;
(j) a probe and probe interface nodul-e 2%)provi des the necessary

el ectrical interfaces for one or nore probes and/or jig arrangenents
enabl i ng stinmul us and/or _peasyrenent Vvia routings to the anal og stinulus
and/ or rreasur-erren.t".b-uS'essFEQﬁEEFFvEPyPeI takenpfregutle tneLnmaads afed
that the features and ch rgg%ﬁéhstics of the abave-nmenti oned nodul es are

susceptibl e of variation®s PF8 APy SES BN g SaRgncyh BeRSHYeEe nLs

d i bed ly. . . Whi i dered t
e useful . Also | 11 ustr aloqir EasHIAGE O T AN P BB S lcE SRn Btr e
desi gned to-acconmmodat e Egﬁe¥£‘5b3t¥n°;ebgbﬁ%'e ft%?%_ngfgwa%stiwi% |

. : on any.
above-nenti oned whil st sharing systemresSources in er to obtain opglnum

‘per¥-drmance. at reasonabl engyer 8k heCOS! pattéSnSHLYEN ?#euﬂy%. tfﬁ&“%%.
conprises the mcroconmputer databus ~which serves tor controlling the

i ndi vidual interface nodplipshaptlober Pageiotd rdied t shadad gy 0 s fingWet he
respective interface nodules, the option identification (option ident).bus
SR ©~ may be routed onto the analog measurement bus
to allow the frequency of an AC input voitage
. - to be measured; '
K*f - An)" an ‘emulator subSystem - comprising master
" emulator and slave emulator modules, 27 and 27';
respectively, for prqviding- high speed .
parallel digital -input/output' and giving a
combination of _data output and data capture
useful for patﬁern- generation, logic state
analysis and michoprocesscf emulation. The
master  emulator imodule' 27 .comprises the

“control circuitry for up to a predetermined

"f,numbér.of slave emulator modules and provides

1seQuencing ‘controls to the slave-”emdlators
; !which,'for their part, comprise a-plurélity-of
'":high-speed RAM backed digital inpﬁﬁ/output
lines each dynamicallj ”changeable  between
f'input'and output states;
':7'(1)*;awmu1£ipléxer switdhing module 28 providing a

j_réléy switching X-Y matrix for general purpose



enabl ing nodul e types. and their |locations in the system backpl ane to be
signalled, to the m croconputer, anal og stinulus and anal og nmeasur enent ¥
~buses which are central to the sharing of anal og resources within the
system .and a plurality of sync/digital, .coomon lines. The anal og stinulus,
and nmeasurenment buses enable neasur@%ent resources, such as for voltage’
and, frequency neasurenent, to access. the. anal og. neasurenent bus for
measurenent of AC or DG

-1y . sighal s, and.,.enable signal stimulus
resources such as the anal oglafq'glt{& i o d;le%]'e‘f%?' y rm‘b‘?ﬁfe""gﬁﬁ%e pricfgk@hmmabl e

wavef orm generat or.- no T Oy] tput, sj | s on .desi gnated. test

pi ns and/ or probes; ‘al g’g}iﬁhcg&asgal %ggglt:?&rfml ulé'st an%lgﬁga_s ?@ﬁg '[":e us&o%edn be

used for self test roubigiiedy/ s it AIRLISE oL aechod | i1 K Cay PUS
resource.

and checking such stinuli by neans of a neasurenent rest _
sync/digital - conmon .Hdﬁ%inaﬁﬂ&ﬁEbfb%b%&edﬂldﬁ§t£6cﬂsybéihﬁf¥§ &4 al

nunber of such lines that can as be provided,,.. can advantageously be -
utilized for the synchifom saixample et usei t Ban  FhREin SySt eFAMNGIOUL thee
direct intervention of. the....mcroconputer. This enables a. slower and

nore reasonably pricedappdricadimnsy to be:-. enployed in a node. wherein ,
rather than the conputer having absolute. control of every action and
event,, the conpufdd | & iprobeadnd Hrobedntetfare awahild @0 happerdss or i s
happeni ng and proceeds correspondingly. _ -

: +~ the necessary electrical interfaces for one or

more probeé'and/orrjig:arfangements enabling
stimulus and/or measurement via routings to hd
the analog stimulus and/or measurement buses
respéctiveiy,
It is of course to be'appreéiatéd-that the features and
'charactéristics of the above-mentioned :modules are
susceptible of variation substantiaily-at hill, and that
the ﬁodules as described are merely exeﬁplary of.modules
which are present;y considered to be useful.
Also illgstrated in Figufe 1B is an advantageous bus -
_ structure designed to accommodate the variety of inter- \;)
fage;mpdule types above;mentioned:whilst sharing systenm
‘resources in order to obtain optimum pérformance at
' reasonable overali cost. As shown; the  bus structure
.1¢ompri§es the microcomputer -databué. which serves for
eontrolling the individual_.interface modules and for
passing'digital_data to and-from'the:reéﬁective~interface

modules, the option identification (option'ident)'bus



To enabl e any nodul e to generate SYNCs an open coll ector type of SYNC line
cam, for exanple,. be used.. SYNCs t hensel ves can be used, for exanpl
to capture voltage's, data bits, etc..and to start 'or stop.neasurenent
-et.,c. SYNCs can be generated frontdrgrtal i nput transitions, data bit

conparlsons

attai nment of .anal og signal thres- holds etc. Figure 2 of

acconpanyi ng dramnngs i'llustrates an exe ary sync gener ation

arrangenent

which- my .be utilized in t practice: of the present

invention.. .The’ arrangenent "shown "is adapted for the generation of a p
on *a SYNC | i ngna B1{AEP@BAA L0 tygdsanEnd i ERe @6CULERRGONS ARy thle Y Stem

Si xt een Input

lines, or in response to a change in the output froma 16

wor d conparatobaonplangedothe sbgpalted: to theit microbomputeo,sianadag
input lines with a predetermined data pattern. A 16 : 1 multiplexer 120
sof tware cont rstimblust andelaralamymedsurendst i hpses| bdshd @giegreendarailo 1
and to apply signals on the selected |ine via-a 2: 1 nultiplexer 122 to-
exdhdsi ve OR tgatke sharimgdf tanakesg nesouress inlkhin rths tsystem, and

open-col | ector buffer 125. An EDGE sel ect input to:-gate 123 enabl_es
sync gener ati of\ tﬂ%@%@kc?ﬁbl%%%w@e\n CRBBPR; \ﬂe“tﬁrsneggpﬁvé"?&@ﬁ
signal transition, as b‘£meen t he beg .nni.ng or the Egd of detect

mat ch bet ween PﬁémPnﬁﬁts andm PRASHFREERED | % pPB&RtEr m“f?@tf‘{fr “}5&)

dat a pattern establrshed

urces,_such as for voltage-and‘frequenoy_measurement,

e,
S

t he

ul se
bit .

S

t he
of a

cted

to access. the analog measuremeno bus for measurement of -

- AC ér'_ch analog signals, and enable signal  stimulus

*lresouboes sueh as the analog function generator module or

.. the- programmable waveform generator module to provide

output, signals on.designated test-pins and/or probe3° also

- the analog stimulus and_measuremenpfbusesﬁean be used for

self test:routines byhrouting pnedete;m;ned,stimuli onto

- a bus and.checking_such_stimuli,by”means_of1a;measurement

. resource., . -

The :sync/digital . oommonedlinesrf there being no

~restnietlon on the total number . of . such lines that can as

' .provided, can advantageously be utllized for

411 fronisation of events within the system without

_fthez_direct 1ntervention of the microcomputer.. This

E enables;apslowen and~more\reasonaply.pr}cedfn;orooomputer

vcomputer having absolute.. control of every actlon and

-event, the computer is insteadalnformed that an event has

happened or is happening and proceeds correspondingly.

~to -be- employedx in.. a. mode -wherein, .rather. ~than the_'-



at. the inputs 126 of a 16 bit word conparator 127, the conparator 127
receiving at its other inputs 128 the signals fromthe sixteen input ¥

lines 121 nusked

may al so be utilized within the systemgs digital comon lines to
~digital neasurenent resources, for example for taking a digital signature,
to be linked to a wide range of inputs in simlar fashion to the anal og

measur ement d Sl us b el ag%?%# .  he of .{i.
nodul es it i ?ngzlrsa:bg:ée%t% khr%i%gjgleer E%’ne C?pgb déeg?(?%dé?%ée?oeér?%%&a?%er

as desired by gating with masking inputs 129. SYNC |ines

allom#

anot her SYNCtlyae 0s£USYRE WigE @ab] efopor®taiplé] Me SEsBtENCEsSYNGs be

- established wthin the system w t hout

automati ¢ t eshemgeilp@snalr bef Lgedss Foirbestain 1eh)e tboe£g0LPE, valEh &5 pe

described in nore detail herein- after at 1east as regards its principal

f eat ur es,

| datacfilt,oretde dndctioorstiarandr gitepnaridsurdmaitancetd.

~digital. printed circuit boards and systens, m xed digital an anal og
printed circSiNSsarchmybeecgenematienty fromudtigidnd ingsst etmansitlions,
m croprocessor based circuits and systens.. The equipnent is further
useful for i dagar dditt comparigsonmyn@t taknnentnef angphdg catgnadks, threest can
be utilized for. m croprocessor enulation functions where it effectively
repl aces a nh@A88r 84€ssor. The equipnent is useful furthernore as a

designer's prototyping tqol f N : . -
ar P %Rgu%e % of gﬁe accompanying drawings illustrates an

exemplary sync generation arrangement which- may be

“utilized in the practice of the present invention. The

arrangement shown is adapted for the generation of a
pulse on a  SYNC"1ine in response to a. transition
occurring in any of up to sixteen input lines, or in

response to a change in the output3from a 16 bit word

comparator 'arranged to compare_ the status of up to
sixteen input lines with a predetermined data patternQ A
16 : 1 multiplexer 120 is software controllable to select

any of its 16 input lines designated 121 and to apply

7Signais”on thé selected'line'via‘a 2 ¢ 1 multiplexer 122

to  exclusive OR .gate 123, and thence to monostable

circuit 124 ‘and open-collector buffer 125. An EDGE

select input to gate 123 enables'the_sync'generation to
be selectable as between positive or negative edge of a
signal'tﬁansitidn,“or as between the beginning or the end

of a detected match between the inputs-ffom the lines 121

and a predetermined or expected data pattern established

i nvol venent of the m croconputer. The

N/



the evaluation of  designs by virtue of the*facility provided for

si wul ating the deS|gn conditions .and criteria by neans of the

equi pnent. As will hereinafter be described in nore detail, the automatic
test equi pnent according to the invention_can interface mnth a unit under
t est (UUT) in a nunber of different ways. ﬁﬂcluded anongst which are by
means of versatlle test probes and by use -of bed-of-nails type testing

h
jigs..  These, %’&ﬁ?‘?{'onaﬁpy Cancoi‘éleb'itO%Ldpac%ﬂeﬂ\é?atme 18% W18

alternatively and/or a conprise a specl activ

and pernit rapihdadaltRld abbe GUUEGHIAN he m%hh?»twﬁ%uw 1@enrn,e§éors

provided in.the adtomatic test- equi pnent and the UUl via wre w-ap . posts

W thin Intercfﬁ@m@l efrafd eﬁeersi*vea@cwupwerntrmi 129 hh¥kedesas
The passive jig type provides a straightforward neans.of connecting

signals fromtlgedidbd tgnpatidgs with ndsk Etpute azgrlnted circuit
board or the:like under.test, and the active jig enables " the rapid.
scawdi ng of a nunbeSYSIC tdniesnadys alllscobegh utiid ized ofi thdnaghewsystem as an
alternative to the manual -probi ng-of .nodes and thus is particularly useful

in achieving digdital dicopmest i ckines The sydtoam aligl bl heerisurement t est
probes, guided by the systemsoftware via’ the gra phics  di's

be used for seseunessandoregxamphenti st bakingyes \iﬁﬁﬁaﬂoaﬂhggufﬁorﬂ'@he
probes to the analog stinulus and neasurenment “buses - belng PFOVIded and
-furt her advantégbdd§k§deﬁabﬁeyiﬁﬁoranse of 1nputs in 31mila ashion to

the analog measurement and stimulus buses.‘ By addition,
k/. : _;.furthermore,_of timing modules it is possible to trigger"
_one SYNC a de51red time period after another SYNC has
:- occurred which enables complex time sequences to be
% '“"established within the system without involvement of the
| | microcomputer. ' L L _ ' _

_ The automatic test equipment briefly described in
~the foregoing, and to be described in more detail herein-
“'after at least as regards 1ts principal features, is

useful for the functional and diagnostic testing of
”iildigital,printed_circuit boards and systems mixed digital.

rinted circuits and systems, analog circuits

: ;and micrOprocessor based circuits and

fﬁs&stems..ﬂThe.equipment is further useful for in-circuit
:_stimulusiland measurement applications, and can be
'_ utilized for microprocessor emulation functions where it
_ effectively replaces a microprocessor. The equipment is

_ useful furthermore as a designer s prototyping tool for



probes to be used in conjunction to perform inpedance nmeasurenent by
application of a voltage stimnmulus derived fromthe stinmulus bus and 3
measurenent .of the current response at the nmeasurenent bus. In operatlon :
of the automatic test equi pment, system software provides an interfacing
aid to the user so as to |ead hin15|np% ¥ through the stages required for
creating an interface and for adapting he systemfor the required signal.

[ evel s. The software also initialises data for the required test program

and adapts taet heva&DiAtL gohatdON d¥fs il 8yOP | Pise PIGRVi BRd  Mid iy {{ip user
nmerely having to define each signal by type and t%e sof twar e- assi g I ng

approprlateprn&édbdceﬂonuﬂsfmmﬂabimgt|ageandb@gghfa@%Adlqud§n .and Were
speci fic sequences or waveforns are required to be created, they may be
drawn in bycriiéender by meanise ofl thef edud pyrtenythi cs di splay and: the |ight
pen, the- software being arranged to interpret and encode the drawn
material into tRAe wéil herejnafiterThe descimibed i mdre e, rye be
“conpl enent.ed by a pro ramm ng | anguage which provi des two Ievels of o/
program nafBtematicgitesd qquirnent i geconding| toethecdmvenition marand a
md | evel t? EFOVIde control of the stem s stinulus and neasurenent:

har dwar e nherfaggqidh 13 uait erayemdar éUUTAy inbea soppbered by a

rogr ammi n ua translato uilt in two parts, nanely one part.
&h. gh perfggﬁgggﬁsggctws B@B&f’. c?ﬁ%"“c%s"coﬁbé% ﬁﬁbo‘l’% pRapRe four ce

Program to ggiga:yFkUte st roBes S8HY by PAEE o §2a-6Fnafls 'cype
testing Jigs. ' These latter can be of conventional
pa531ve type, or alternatively and/or additionally can
ccmprise a special active jig type, and permit rapid and
reliable connection to be made between uuT connectors
prov1ded in the automatic test equipment and the UUT via
wire wrap posts withln interchangeable and generally
vacuun cperated jig fixtures. The pas31ve Jlg type
provides a straightforward means of connecting signals
from the UUT connectors of the system to a printed
circuit board or the like under test “and the active jig
enables the rapid scanging of a number of test nodes e

'through the use of relay switches as an alternative to
tne manual probing of nodes ‘and thus is particularly
useful in achievxng rapid diagnosties.  The. system
enables hand held test probes, guided by the system
'software via the graphics display, to be used for
stimulus and - measurement of voltages w1th routings from-

the probes to the analog stlmulus and measurement buses



relatlonshlp bet ween source progran1synbo|s and code val ues. This 'second
paft can be nodified by the end- user, or the systems manufacturer, to
acconmodat e any nem/progran1|nstructions whi ch may be required in order to
‘support new stinulus or measurenent facilitres added to the system.by the
fitting of a new nodule type. Figure %Ilustrates an - exenplary neans
-of ;identifying the -nature of the nndules% ncorporated at any tine into

t hée equi pment--‘and . the locations of the respective nodules in the
Systen1backploeengI%ﬂdvrﬂéwpdaﬁdmﬁurunukeaava@eagabas1¥sedauvés two
conjunction- with -open.collector enable lines to each of a plurality of
nodul e pl ug- i probelss o ovededeidn irhecoyusjhamtlimkptanperfo?he fmpddaned code
lines required wll depend on the nunber of nodule options to be catered
for, with n-bimeasurementy bWorap[périro]airimjulcef @tvaktage | st Hglue d3rived
arrangenent for "accommodat i n p-to seven opti-ons is illustrated, but this
is readily exgzeodedther Sézﬁgnugmm@uof agpt | BAaSUyemgote o Shet eunrsnfer of
code“l i nes and correspondingly of the nunber of di ode connections available
per nodul e. TKESPEASE |ar$e§h&r aegsunamadd BB in Figure 3 and a pair of
nodul e sl ots:31- ar shown cessible b _ a ural i of , nodul e types
32 each of ‘which § FPETRLE “mPftheu%?ﬁﬁéaELFeEé%EHP%HE%#EP tvﬁyiﬁ @hree

di odes DI, h f whi d individually f
cach modul ¢ ta%twegseeﬁov ABRCRR nEBEOR (a8 T8l U tBReHSEE PEcRBIte

decoder unit 334 nih NHAY Vhr¥udd'%ne stages required for creating

. an interface and for adapting the system for the required.
~ 'signal levels. " The software also initialises data for

B :thefreqdired-test programIandfadaptS“to-the cohfiguration-[
~ of module options provided,.hith»the~usen merely.havihg
to define each signal by'type'andfthersoftware-assigning
*_'app'rOpriate interface lines.-and'_;creating 'an-'- interfaoe
“line 'list. = Where speoifio séquences'orlwaveforms are
‘required to be“CreatedJ thevimaf be dr$Wn~1n-bY the user
* with the-aid of the graphics: display. and the light pen,

" the software being arranged to?lhterpretfand'eneode:the

< '-f{draﬁeuﬁaterialfinto'theoteSE programié'The'hardware of
“m_y:be ‘complemented: by a programming language'
-f:whic -provides two levels of program; namely a. high level
" to provide overall test control flow and ‘a mid level to
| provide control of the system's stimulus and measurement:
”hardware. The modularity of the hardware may . be
:fsupported by a programming language translator built in

" two parts, namely one part which performs the actual



Figure 3 circuit, the nodule slots are interrogated by virtue of the open
col l ector [ines of the unit 33 being driven sequentially to connect the ;
cathodes of the one or nore diodes of a respective nodule plugged
into a respective slot to ground. This causes forward biassing of the
respective diodes with the result, that corresponding ones of the code”
lines 30 are set to a vol tage of groun% pl us di ode forward voltage drop
rather than +V.. The system is arranged to interpret such voltage

‘changes on Lgsrae% 5 & 39?ﬁ§e+9989mb%\1§' St PhEgd gaag'hge Qg afU e

I dentification on t e code 1 nes 30 correspondi ng re of a nodul e

pl ugged int gogel eyAQGEIsVE ad®@dW € s&&6hd abarthewh%ﬁe dféffI%est henhedpen
~col l ector decoder unit 33 provides sl ot - nunber identification of

the backpl ape1st@bnefipespebdeas t9ohuheer qaitiidn € syiBdllse. and RBbdd his
means sel ected optional nodul es canbe plugged into the system :

backpl ané i paaagsconfTigis dsboondngdrte caysbemmadi tiagdr by néhehaindwdul es:
are assenbl ed and where they are | ocated and adapt its opéeration o/
corr espondl ngky, ofhetkei systemda imanwfactutrer,| boakiccommedatles anyat al |
‘codes 'lines are-at a voltage +V corresponding to no di odes D1, D2 or D3
bei ng provi dew, priograwstieatiruct ions)edh ieh qeaycbet requineds e@pezztdare sl ot

is enpty and has no nodul e plugged into it Figure 4 illustrates an
exenpl ary &Pgﬁpéppfﬁxﬂﬂwcﬁ?é%“buﬁrQgrdﬁﬁ§mn9mmﬁka ljdri@satasideghi ch can

constitute the waveform generator_ 21 of Figure 1B and
' to the system by the fitting of a new module type.

Figure 3 illustrates an _exemplary means of U
iﬁentifying the nature of the modules incofpérated at any
time into the eqﬁipment ﬁnds:the locations of the
respective modules in £he-system.backpiane.  Multiplexed
n-bit code 1lines are used: in conjunction with open
collector énable lines to each of a plurality of module

~plug-in slots prévided in the "ls'y-st"em. backplane. The
number of code lines required ﬁill‘depend'on;the-humber
of modulé options to be catéred for, with n-bits catering
for (2%-1) module options. - In Figure 3, the arrangement

) forfaCCommeaﬁing'up to seven options is illustrated, but
"thisjis'reédiiygexpanded'forLAny number.of'options by
'inéreéée of ‘the number of code lines and correspondingly
of”ihe number of diode connections available-per“module.
The code lines are designated 30 in Figure 3 and a pair
of module slots 31.'are shown accessible by any of a .

: pldraiityiof module types 32-ea¢h:of'which is provided

with a unique selection of one, two or three diodes D1,



whi,ch is capabl e of generating both sinple and conpl ex waveforns at

vari abl e frequency and anplitude. As shown, the programmabl e waveform
generator is constructed around a digital function RAM (random access
menory) 40, the data contents whereof can be | oaded by the user by use of .
appropriate data -entry neans which- n be conventional and which have
been omtted fromthe figure for the sake’ of clarity. A variable rate clock
generator 41 drivén from a basic high frequency clock signal is controlled
in dependenceDapon3athqydaﬁhddés bfpwhiand airiee comnedted Alnaal iduanUly i S
applied to a counter’ 42 coupled to control. the address sequence of the
functi on RAM £0r edth nedwleteua ltmsp@étihe dpert t¢ ohl PO A irse cam[alred

via latch circuit 43 to digital-to-analog converter 44, and the output

of the latter Opsncmwmra decodepasynit| 38 ci IOpreftSatmm ofil tihyel ying
"digital-to- analog converter 46 +the  scale factor whereof 'is
det er mi ned byFAgHFEi BalcHigHitudbbeomadylesisprls anpe éBéﬁﬁFPSﬁteébethe

t hos~/ descri be maveforn1generator -t he. deS|red wavef orm shape i s set

in the functiBATRAR 26 (“0& RPeR e@For heingp| of edBrutindk 33 being
601l o-angl g coetLet 26, g aepuiel oS L e o
Count et CLockabal BTalRR bR, K PR ALALE: aRLE A iheAd © ew;zogt o
describe the $@¥Seet§beT913tht@vﬁr%deVenThis causes forward biassing
' of' the - respective | diodes with ' 'the l result that |
'corresponding ones of the code 1ines 30 are set to a-
voltage of ground plus diode forward voltage drop rather -
than +V. N The system is arranged to 1nterpret ‘such -
":voltage changes on the code line 30 as logic levels which-
'provide code number identification on the code lines 3d
”corresponding to the nature of a module plugged into a
respective module slot-: at the same time the open
“”cdiiée%of" decoder unit “33;4 provides slot number

' identification of the backplane slot corresponding to the

. 3 respective module. | By this means selected optional

'-mod ‘ean. be plugged into the system backplane in any

config n-tion and the system can determine what modules
'are assembled "and. where they are located ‘and adapt its
ks operation correspondingly.' Where interrogation of a slot
| location reveals that all codes lines are at a voltage +V
corresponding to no diodes D1, D2 or D3 being provided

" the system is. arranged to deduce that the respective slot

uis empty and has no module plugged into it.



out put peak-to-peak voltage, the digital value fed to the nmultiplying
digital-to-analog converter 46 is set to scale up or down as required *
fromthe fixed |l evel afore- nentioned adding in a fixed DC of fset as
~necessary. The waveform generator ag, thus described -is capable of ,
attaining a high degree of accuracy-®as regards the periodicity and
frequency of the derived waveforns on account of its operational basis in

digitally deri veeg ;SteRs sin l@stx“?ﬁ%@bl &n rag;ernﬁ?ggg ng'n];/é-lgﬁeadlolf}py r at e

mul tipliers, and-as regards the reso Ion and anp of its
output. The c_on%%‘i‘h%%crﬁP@%\ﬂmM@BféowveWré‘éﬁérat&?umifc‘ﬂr L

conprise:- (i) a selectable (read only menory) in parallel with the-

function RaWnstdtuard tkenavRIfrest geterdtoraral osm reRapes 1B faid exanpl e
si ne waves, triangular waveforns etc.; (ii) e€ither another counter

mul ti-pl exedwhiieh s acppablécbf Weimiratingebett 8 mp 10 ange neomy 16w
accurate phase rel ati onshi ps between signals by virtue of being able to
preset the wavefferms at (ariipbdre frequedey anddehplitodei.onis bW, to howti
control data allowing a given level to be held for a nunber of counter
cl ock cycl e¢henaltpriogyanmad et avavefonma BeneradorRAMidgeptenngiryctedacility
wher eby the output of one or nore waveform generators as described may
be’ ~around a digital function RAM (random access memory) 40,
the data contents wherebf.éan_be loaded by the user by
- use of appropriate data entry. meéns_,which_'can be
éonventional and which have been_omiited froﬁ ﬁhe figure _ \J
for the sake of clarity. A variable_réte clock generator
41 dpiven from -a basic high fréqugncy ciock'signal is
- controlled in dependence upon é digital rate input and o/
.the variable clock output _ié applied to a counter 42 |
coﬁpled to éontr§1 the address sequence of ﬁhe function
" RAM 40. The data output bus.of the function RAM U0 is
- coﬁpled via latch circuit. 43 tq digital-to-analog
cpnverﬁer_ﬂh,land the output éf the latﬁer'is_coupled via
.a'iow-pas#_fi;ter-circuit 45 to a multipl&ing;digital-to; \;)
.-aﬁaibg:-converter 46 the scale factor whefeof is
deﬁgbﬁined by a digital ampl@tude;control signél. |
- Iﬁ .éperaﬁion -§f the .thué described waveform
generator, the desired waveform shapé 15 set up in thg
.fuﬁqiion BAM.HO taking'accoﬁnt 6f the full re#olution of
digital;to-analog converter Hﬂ_ in order _éccurately_ to

‘describe the waveform for a fixed leve;'output‘in'as many



modul ated by the output of another such waveform generator, or
frdm the analog stinmulus bus, so as to achieve nodulation
cross-coupl i ng bet ween several =~ waveform generators or between the
wayef orm generators and the respective.buges. In one exenplary programmuabl e
wavef orm generat or nodul e ~ accordi ng tokhe invention, two

programmabl e waveform generator channels are provided with the’

requi red wavef def.i .. SO [ trol, in a digitise
form of tne Seab B0 TRy Bl BEUARy AN EOURYY Raddh aheh 866
sequence of ' ygUiRg d%?ealn%@r&a'&iué h@nﬁﬁquweﬁpaeﬁm'o't vghyes is

hel d in RAM and ‘st epped Through i n sequence,” wth:the val ues "bei ng

converted i ntdesiraldperdlodrT redyuEhdPYud it vt FuMudeT seabsdi1aadéer

subjected to DC offset in each case under programcontrol. "Each channel of
the nodul e hasirseHEM @G P\ eser £H8t LR Gavelior). EMEP|ddWienshat @ibenset
to different step rates, anplitude scalings and DC of fsets. The out puts

are~rel ay i solottepd:briptea k-cuot-ipegk valdragd ! ithe diditaX el fedt pot the be
routed onto either the anal og stimulus bus or the anal og nmeasurenent bus,
and f urt her nomu lddgiwingndligitalbéozaplailiogdeconserdesd #b6orms heest hbo
channel on the nodule or fromthe anal og stimul us bus. - The nodul e further
provi des a fadiqake uthareisiews @aferetinkned fiegmbtheeféxednlaved| afore- SYNC,

and either output channel may be routed onto the anal og.
mentioned addirg in a fixed DC offset as necessary. The

waveform -generator as .thus. descfibed is capable of
N ,' attaining a high degree of- accuracy. as regards the:
periodicity and frequéncy offthé derived'wavefofms on
~ account of'ité.oheratibnal basis in digiﬁally'derived
SN 'sﬁeps using a variable rate clock di;ided by rate
| ‘multipliers, and as regérds the resolution and amplitude
control of its outpdt. | o |
The abo#e-described .wavefOrm | geﬁerator_ could
further compfisé:- o | |
(i) a selectable ROM (read only memory) in parallel
with the function RAM ﬁO “ahd ‘containing”
' standard wavéformﬁ'Shapeé, for éxample sine
'wéves, triangularlﬁavefofms etc;{
. (ii) éither andther .counter_ mulfipiéxed in, or a
ﬁarallel waveform -génerétéf; _for generating
.-accuféﬁe phaée reiatidnshibs 5etweéd signals

by virtue of being'able to preset the counters;



stimulus bus or onto the anal og neasurenent bus. The TTL digital »
i nput/output nodule 20 and the analog stinmulus/response nodule 23 have *
been briefly described in the foregoing and nay take any convenient form

For exanple, the anal og stinulus/response nodul e 23 which has the principal, -

function of setting up DC and AC voltage |evels for testing circuits may
.conprise an appropriate array of anal ogdto-digital and digital-to- anal og
converters. It-is considered that no detailed description of these

dul d dj f th t
ool e | eceTnN WAL, Bxbablet IR BATCHOG T o TR | B, g PSS
dul 32 di t t I ast f o
'rlt$Lu eI ogi ¢ | Z(r:l(rje es:yr%g{tw; ar(%scﬂalrérhﬂ? G‘%i@%{ﬂ?n}z %? Cfi)éﬁ?ggl c) o
were provided. Each dlort he memtesi bl cbun®s Masddidi & Huad dﬂgwab' e
an

under software control.. either .as an input or as an. output coul d

al so be dynamically fdhendetainderrdd QO CveY MM d dlscrete i nes,
whet her configured . 40 as inputs or- as outputs, coul "be’ used to gener

SYNCs on transiti{(dvd ar ﬂHci}iaitt}erwhenebbemheamhtpmpubfsbabe%rarmb,céianges
of input/output states could be arranged ‘to.occur -:on a SYNC. . The

i nput/ out put |ines fuwaveforme cgeheratorsutad ondeser DN | mag disect!y to
enable a signature to be taken fromthe respective line by nmeans of a
S|gnature anaIyS|s an@oﬁﬂéqﬁsﬂcy1n9asbhenenutpudul@f another such

waveform _ generator, or from the analog
' stimulus lbus, SO0 as to achieve modulation- tai-
croSS-coupling between_; several waveform
:generators or between the waveform generators
and the respective buses. : N . o -\;,
In one exemplary programmable waveform generator
module according to the invention, two programmable
waveform generator channels 'are prov1ded with the
required waveform shapes defined under software control
_in a digitised form of the normalized instantaneous
waveform amplitude at a sequence- of regular step
intervals. The sequence of amplitude values is held in
iRAM and stepped through in sequence, with the values
being converted into analog values which may then be
pamplitude scaled and/or subJected to DC offset in each
case under program control. anh channel of the nodule
.has separate RAM and control circuitry enabling each to
be set to different step rates, amplitude soalings and DC

- offsets.l The outputs are relay isolated with routing



installed in the system  Likewise, in an exenplary practical enbodi nent
of *t he anal og stimulus and response nodule 23, a DC and AC vol tage

measur enent capability was provi ded enabling voltage neasurenents to. be
taken fromany of eight input lines or fromthe anal og neasurenent and/or
stimul us buses. This analog stinulus andfresponse nodul e 23 was al'so
capabl e of optionally controllilng up to four analog stinulus and response
ext ensi on nodul.es 23" and mnaki ng measur enents t hrough them The extension
modul es 23" Asgwittine é%(léilﬁﬁr'e chaansl sutrud e be reukedseonkr@ittharannel s
and 8 DC voltage -outputs. : operatlons on the extension nodules 23'
are arranged t eoé"“alg%fﬁﬂrﬁﬁl“s PYFeror thenapglog measuremeat byusy og

Chr Z‘S"htiffd? F%g?a%%eoﬁ‘*%%er%c‘?’rp%é?%{afepa?annsimmév 3 waffw#)' c dndhaket

\F/);??;Ibfg agt.i ﬁq’ﬁe'tge d¥iich acﬁé%?g?%eglﬁ ts@?&id’g‘ © %eg | nqﬁ"r‘?dv%ﬂagllﬁﬁ ly be |

cort-rgur ed assacflhdl ?ﬁsas afh m%‘dh&h ezprpgamsgnyoé ciF}y MY
y C d r e en

be dynamcal | ange rom one anot under program contro

programred as i ridhute i it tafmv@idﬁafoaeakbsabeohl ReSS TR R ssamdo give

‘a m nirmnum-vol tage IeveI for ogic 1 and a nmaxi mum vol tage.l evel for’
logic 0, to esimdldHnéeséuepit eehanhel ba IUen%ute%)%ﬁudlecHé)garralo%

assumed throughout, with the restriction that the mnimmlogic 1 input
voltage is al wiinulus fsidr \6nid1dhé endlbog MeBsurement bus.

The TTL digital input/output module 20 and the

— analog stimulus/response module 23 have been briefly’
described in the foregoing and may take any convenient -
f‘orm. For example, the analog stimulus/response module
23 which has the principal f‘unction of‘ setting up DC and
AC voltage levels for testing circuits may comprise an .
appropriate array of analog-to-digital and digital to-
l_.an_alog converters.. It is-consxdered that no detailed
'de-scription_ oi" these modules is nec_es'sary for a full
nnders'tanding of the invention.' However, in an exemplary
\/ practical embodiment of the TTL digital input/output
| module, 32 discrete digital lines with active levels
'.'Jcharacterised for TTL logic and 'smilar logic
arrangements (including CMOS logic) were provided. Each

'of the 32 digital lines was indiv:.dually configurable

under software control either as an input or as an

output, and could also be dynamically changed under

program control. The discrete lines,.whether configured'



logic O input voltage, and the logic 1 output voltage is always nore
positive than the logic O output voltage. Wen programmed as an output the
vol'tage levels for logic 1 output and for logic O output nmay be set under
program control for all the lines. Any SYNC may be generated on a 0 to 1 -,
or alto O transition on any discrete I/Oline (irrespective of whet her
the line is set up as an input or an ol@ut, therefore output transitions
as wel | as input transitions can cause a SYNC), or on a pattern match on
the /0O 1lines. This pattern has a separate ENABLE term active Hi gh, and
al | ows - |nd|v$ﬂu§mp%t¥s°foa%e°%ﬁBR§§a|ﬁobidnﬁgkééeduﬁo gsnehagenS¥NEad SYNCs

may be operated as either onhe-shot or retriggered, one-shot node generating
a SYNC on onP® Pﬁ%“ﬁéi@°5§t95rﬁnmﬂﬁ9¥Qﬁntmé¥h99§ona%ﬂd°PEPPFg§§F 8Snode

SYN h 1 /O I .
Ty oo v roheBasEned Hhek/aubRs .?&Iv%“%aﬁi&QE#ééﬁﬁgpgﬁat e o be
t aken f t he | f dule if
nstalled | TR o oy St re?fﬁe”"IIe tage " Eiie £ ?agﬁaﬁgs' -
dul 23 t h h I I I t al
rlrjlpﬂt/eoutputgg&i/ulngQ I _ con%&gge B%ﬁ§% }éb g O eve g??%?ieaﬁnalog
converters. cg €n§9u¥\étf.' ot BeeEhRkH/ lrpu tﬂxeet erft{g @&&&”Pfﬁétﬁ’{{smla n?
[ r b ship o ive to

| ogi cal struc e enabling the rel ation I 'nput™SI gna

RPShnars | SETe BB enEEALE RN, RCSLERRImogipotert e
~installed in the system. Likewise, in an ‘exemplary
practical embodiment of the analog stimulus and response _-L)
module 23, a DC and AC voltage measurement capability was
provided enabling voltage measurements to be taken from=
-any of eight_input lines or from the analog measurement ;Q
and/or stimulus buses. This analog stimulus and response
module 23 was also capable of optionally controllilng up'
'to_four analog.stimulus and response extension modules
) 23' and making measurements through-them. The extension
modules 23' might for example comprise 16 DC or AC
-measurement channels and 8 DC voltage outputs.- All
_'Operations on the extension modules 23' are arranged to:
bét*' performed under control of the lanalog
'stimulus/response module 23 itself.._ c |
N Similarly, thel variable threshold/level digital
input/output module 25, _in -an.‘exemplary practical
_ embodiment provides 16 discrete digital lines with

_variable active levels. Each of the 16 discrete lines

may individually be configured as an input or as an



utilize w ndow conparator techniques to neasure digital levels as true
logic levels to their full specification, e.g. logic 1 defined as above X
volts, logic O defined as below Y volts, with the w ndow conparator set to
X .and Y volts indicating a |l evel between X and Y as a poor or indetermn nate
| evel . The signature analysis and freque ndy neasurenent nodule 24 will now
be ‘described in general and with particularity with reference to Figures
5A to 5C, 6A to 6C, .and 8 The principal functions of this nodul e reside
i n wavef orm r eewgpRti gindesn pregiviamy chntopdsatarch oRyci beuidynamdehéd yet c.
and in frequéncg counting and timng for checking the .operation- of
oscillators et®f aVEﬁﬁfg?ﬁﬂ PBEO§AI AnGther yndesmpsideyameepadred - byyhen
digitising the gnal - wavef or m %;d su%brptin%l t he di%:tised signal to

a signature anBE?@F mped B8 cRRalPRULy tHe, threshiodds, fogy :ﬂéaﬁy dnEe - f
reézgi“ei';ﬂnfe?ﬁ%i‘iﬁe 8B etifol 2habn pIBg M YoLtARS 2erdnd rgn felend
Lt s gnal 208 o AER e, HE4aS fc’re&%g F&f o' 1R RS BB Fetanghah” 1o
capture the '??Q@”E?Q@QFiap?tre%% fkgé'gg%$ Pt#@@ i?éltti§gaﬁtﬁﬁe&.

repeat abl e eérns "are roduce 1 ca i eans ena

i?éﬁ?.”ifLﬁ”cﬁlﬁi‘?ﬁg%ﬁﬁ‘;da"f‘t‘éftﬁ fEeh e et P ackag® e it a %ﬁs"o?”an
: input voltage 1s always more positive than the maximum
logic 0 input voltage, and the logic 1 output voltage is
always more positive than the logic O output voltage.
When programmed as an output the voltage levels for logic
1 output and for logio 0 output may be set under program
control for all the linesr Any SYNC may be generated on
a0tolorailto transition on any discrete I/0 line
.(irrespective of whether the_line is set up as an input
or anloutput, therefore output transitions as well as
input transitions can cause ‘a SYNC), or on a pattern
match.on the I/0 lines.  This pattern hasga.separate-
o ENABLE “term, active.High' and allows individual 'b.i'ts to
_be masked in or masked out Such generated SYVCS may be
operated as either one-shot or retriggered one-shot mode
generating a SYNC on only the next pattern mateh or

transition and retriggered mode generating 'a SYINC on

.every pattern match or input trans;tion. I/O lines may



incomng data stream to assenble a count which is-*repeatable for

i dentical data streanms and thus provides a nmeans of data streamrecognition
whi ch again uses data conpression. . However, both signature. analysis

and transition counting techniques for ta recognition have disadvantages ,
in that signature analysis does not detect glitches (transients) and,
transition .counting produces very limted result values that provide no

di'stinction btsoede rcbodted eohteavel QYNE hﬁi/rhélgdtib@ctigrm?td‘u@b@bl@f
transitions. To overcone the above deficiencies the invention proposes to

enpl oy a conpbgnabuner hngbeeritaken ﬂnomfbhelmmnqynmsbmgmbemcbnusnggature
analysis and transition counting. techniques are |ogically conbined so as
to obtain a ABdeStgratwceiaralyghatmoduieorifiningtalledlin theysyistemequence.
The i-nvention r oposes three " alternative ways of Ioglcally
conbi ni ng sﬂgnaﬂﬂﬁglan§h?5|saﬂaaﬁe s¥bmalusnespenaat i mpdulss
illustrated schematically in Figures 5A, 5B and 5C of the dramﬁngs nanely -
(1) Figure S¢P§ﬂ6ﬁ8t59¥%€hnlﬁhé oVaEéﬁB&?en&h?@ﬁhmﬂéﬂéﬁﬁeﬂhedﬂsa&#ﬂng dawd

streamis pr V|de2 gth to a%ure an IyS|s shift register 50 and to
the transiti dRPRB(AREPUE MO H ghtpaPePs thé§8’9®€13FGgéfﬁéVsc8§st|tute '

'hpghzgghaéggﬁagiegfr °£n£ Sgd8£%v§¥ g%glcoupgea w%%%”t%resh053$&§321 the
_determining comparators in a logical structure enabling
the relationship of an input signal relative to upper and
J_lower limits to be positively determined. The variable : Q.)
threshold/level digital input/output rmodule might |
utilize window comparator techniques to measure digital
levels as true logic levels to their full specification, _\~J
- €.8. logic 1 defined as above X volts, logic 0 defined |
as below Y volts, with the window comparator set to X and
Y volts indicating a level between X and Y as a poor or
"_1ndeterminate level. | -
The signature ana1y81s and frequency .measurement

module Zu will now be described in general and with

' particularity with reference to Figures 5A to 5C 6A to

'GC T ‘and 8 “ The principal functions of this module

'Zreside in waveform recognition for checking the operation
.of circuit modules etc. and in frequency counting and-'
.timing for checking the operation of oscillators etc.

. Waveform recognition . is commonly effected by'

- digitising the signal_ waveform and .subJecting the

digitised signal to a signature analysis or alternatively

to a transition counting type of'recognition technique.



signature distinctiveness but with the need for double | ength signal

precessing and storage; (2) Figure 5B illustrates a bit-by-bit exclusive
OR techni que wherein the outputs of the shift register 50 and of the
counter 51 are individually tested; this provides a conpact system but

with a |l esser degree of signature dlstlnctlvehéss and (3) Figure 5C
il{ustrates a binary addition technique wherein the -outputs of the
shitt register 50 :and of the. counter 51 are added in binary adder 52:
this provides §186ﬁﬁﬂ691§§35¥§$éeﬁ°9ﬁéS&égPéeao§38F§PPHcFP&éﬁe§§36Ft?ﬁe

resul tant signature nd t he amount of .sto Th f
Fi gures 5A,. 5BBSRETBE Bgu?dp%%“ eﬁa%?‘a‘ﬂeé% i rfr‘l‘?%:)g%ethaﬁﬁ Sﬁf% g‘r’f% ”E tr;t-ioc

LE%%FFQ“APP?QMF HORRE LIEEEE Y hBabRFGR 26" AW Sk ke
no f
Gt ncti vengeantegRELsa" T 8L IuGE £SkAFL D siind g‘l” 5 GThigRalees She

chandel s oper aghRg4i N & %ﬁgmggnc(ﬁgtflthgtggnVEQEhQTa|té'gﬁﬁbﬂb%ean%hes's

and/ or transition countl met ho menti one ove.. I'n order 'to provide the
gr eat est degre%n%%a%kﬁ%%bu%epﬁt%bb%PEkV%aﬁéﬁui%mqnfQ%@b%%hf&hwE@isegrsters

50 in the
repeatable patterns. are produced for identical data
streams enabling:recognition_of_incoming'data streams to
be.effected_witn data compression. Iransition counting
uses a digitai counter clocked on_each transition of.ane
incoming data stream to assemble .a count which is.
repeatable for identical data streams and thus provides a
means of data stream recognition.which_agaln uses data
compression. . However, _both. signature. analysis and
”transition counting techniques for data'recognition have
d disadvantages in_that signature analysis does not detect
glitches.(transients) and;transition counting produces
_very_limited,result_values that provide no distinction
W _.ubetween'different waveforms_having_tne_Same number of
_transitions. N _
-To overcome the above deficiencies the invention
_proposes_to,employ a composite arrangement for waveform
| recognition wherein 51gnature analysis and transition
'._counting -techniques are logically combined so as to
obtain a more distinctive signature for any particular

_ signal sequence. | The invention ‘proposes three



arrangenments of Figures 5A, 5B and»5C need to provide a maximal [|ength
sequence for steady one or zero data inputs. For an n-bit shift
regi ster, the nmaxinml sequence |ength ﬂpr a linear shift register is
[err] Thus for a 16-bit shift register,qb sequence |l ength of 65535 is.
preferably used. . As will be appreciated by those possessed of the
appropriate lelring,; her e r ba rr.ange at can
provi de thi ?q_lstggb?r’féﬁ e'nvgatﬁé ahgwgfgﬁéléeisc%%,fg 6%%%@"@%% I Irg,l}gr?aattute’lkt hree |
- minimal conplagwillyyiar raaganent saybi €fosan dsunsey t hgs oper@hiditafed hese
arrangenments will be clear wi thout need for further explanation, 1t being
seen that thechematiiegllyt irofFigerdat SA5t r5Bnand e 5€XIfUtnes dPRAwidgad W th
t he output of a second exclusive OR gate having inputs from selected
shift regishamelyesitions.  In Figures 6A - 6B and 6C the shift register
I s designated 60, the first exclusive OR gate is designated 61 and the
second excl usive €R)gafdguredd gahowd 62 techiiguee of iddnesiteatats om

exenpl ary arrangement for frequency drift detection which may . N/
conveniently be includbgrein the inpgmingr dateasyrean idsd priovdgesncy
counter/timer. nodule.24 of Figure 1A or in any other nodule. =~ As shown, a

counter 70 is used to B8&Bt tohthrinblenaturearalysisi shdfe, registesxanpl e

of a clock frequency der . test,. occurripg, in a predeterm ned-
ti mebase wi ndow. Theg@o&ﬂQH€°0&H&ﬂtr§%sfﬂbﬂnsFGPQ&eﬁ%iﬂeégﬁv&hﬁ in

| atch circujts 1 ;aaﬂtﬁl%s %%Frghegg_twd'tOgéthéh constitute the
|  signature proper of the data stream:  this
" ‘technique pro#idés the highest degree of
Signature distinctiveness but with the need
'f§h' double 1length signal pfocesSing"and_
'éﬁorage;” ' | | |
(2) Figure SB illustfateé a bit-by-bit exclusive
'on“technique_wnerein'the outputs of the shift
register 50 and of the counter 51 are
ihdividuéily testéd; this pré?ides-a'ébmpact
system but with a lesser degree of signature

" distinctiveness; and = = o N

uTV(?)-.Figure 5C illustratés a binary ' addition

“ﬁ"-technique wherein the Oﬁtphts of the shift

register 50 and of the counter 51 are added in

binary adder 52:  this pfovides'a“cdmpromise

-"bétweenithé degree of distinctiveness of the

o resultant signature and the ambﬁng of storage
reduired. |

The érrangémeh£s of Figures 54, 5B and 5C could be used

~alone or in combination in an automatic test equipment in



measur enent w ndow periods (N being a nunber dependent upon the percentage, -
change in frequency to be regarded as a frequency drift), and the counts-
stored in latches 71 and 72 are conpared in conparator 73. The conparator
73, provides a true or false indication of ®¥ft, with a smal | tol erance
acceptable due to jitter in the counts since the frequency under test wll
be ;asynchronous with the tinmebase nmeasurenent w ndow. The sane hardware
arrangement as PSCSREAACEnYELHuLEe7 PRgeaits d nivendriginoy e hiusr fluirs sixagipnel se
detection with Ehﬁ' freguency under test input replaced by a high -
frequency cl ock9ah8eFRBY | el3i fRHtd ePracRBOBjdeRe impt Bilgveturai n

e o , : I ity th ar at i1l indicate if
a pul se has beeh™E34d BFeah8. it Sae ot neclors s Sumamaiorei orgur
, h : . ) . tical .
real Psation or- &t PREuEker et " e RERAT ) o PSORhoR e enptire
' f ' ' ' ' e in avariety o
ey o per o b g i8S para B eh°TarTuglehdhglsl Brstting: dni on
required are asab@bl@¥fice(ldit regﬂsncx°ﬁ°g“%@¥ﬁggrnkﬁghﬁﬁg{gef§§5?§$3%k'

The circuit is configured- by the system processor sucC a

input  nultipl exed/oA80rankecisnachiuhselgl RBYhoRE RBhticheA! abbyguency to
give an acceptabl e accuracy ‘and resolution to the neasurenment to be

performed. The sep In order to-provide_the greatest degree of signature
distinctivgness,.the feedback shift registers 50 in the
\/ _ arrangements of Figures 5A, 5B and 5C negd to provide a
maximal 1length 'sequence for_ steady. one or zefo  data
inputs. For ~an n-bit shift :régister, the maximal
U sequence length.for a'liﬁear shift rggister iél(zn-1i.
Thus fof a 16¥bit shift register, a sequence length'of
65535 is_ pre.ferfably used. As will .'be_ appfeciated by
‘those pos;ésséd_'of the appropfiate- skills, there .are
_numebéus feedback' arraﬂgements_'that 1can provide this
sequence length and Figures 64, 6B and 6C illustrate
three minimal ¢omp1exity arraﬁggments which can:be used;
théﬁégerafion-of these arrangements will be clear without
nééﬁ; foruffubﬁheb explanation, it being seén.'that the
indpﬁing bits of the data stream are exclusive Ongated
with the ou'_tput of a second exclusive -ORl ga..te' having
'inputs_ frbm selected shift _regiSter posiﬁiqns. In
'Figur9;?64,g6B and 6C £he shift register is deSignatéd
60, the first exclusive OR gate is désighated 61 and the

~second exclusive OR gate is designated 62.



and reset input nultiplexers 181 and 182 respectively are configured to
route the required signal to the set and reset termnals of the single -
peri od deteéector 183. The set and reset edge polarity signals applied .
to exclusive OR gates 184 and 185 nust be the sane. After an initial, R
reset to the single period detector - 18%band initialising of the
programmabl e counter 186 via software control, the first edge of the signal

Ler’ﬁd”‘eﬁi?éﬁfoﬁv‘*ﬁ%%P@ TR, RSB rlndded TR

will be dec, Dyag 18 Cled iy - wndhan WAy seeaoemeqs@y Ohe the
si gnal neasure occurs, via the reset i-nput, the outpul of the
single perl omdim@en or in182nd | | sf@gnk BUr&nd an@NYisisl Ovari@garsbgaengy what
occurs on its set/reset  inputs. Once 't he out put has gone |ow, the

pr ogr ammabl ecsmtdes t 186r Winoduldeasl CogntRignre and ort hén amsubther

- count Is proportional to the period and therefore proportional to-

1/ frequency.modile@h adtsir shpwh; euecoyntens@0enkst usad ko amhireyethéy t hew’
techni que of neasuring the périod of a nunber of cycles accurately,
al | owi ng annmmbmmIOETadéookftnan&ﬁkipn%ﬁcﬁpacyexandlesﬁdéda o¢lock
frequemcy :under test, occurrimg in a predetermined
timebase window. ‘The counter cufput is then stored
progressively- in latcn c1rcu1ts 71 and T2 every N
measurement w1ndow periods (N being a number dependent o/
upon the percentage-change 1n-frequency to be regarded as - |
a frequency dr;ft), end'the cdunfS'stored in:lafches 71
and 72 are.ccmpared in comcarator'73.d'The comparator 73 W
provides a true or false indication"of_drift, with a
small tolerance acceptable due to jdtter'in the counts
since the frequency under'test:will_be asynchronous with
"thedtimecase measurement window. o
| :The'same hardware arrengemenﬁ“as is shown in Figure
7 may}aiso be employed_fcr missing'culse detection with
the:ffreqmency' under test input replaced by a high
frequency clock and the timebase window replaced by the
input pulse train divided by two. With N set_to equal
unity, the ccmparator will indlcate if a pulse has been
missed by showing differences in culse secaraticn.
' Figure 8 is a schematic circmit diagram of an

exemplery practical realisatioc of a freﬁuency end



measurenent. (2) Phase difference - the circuit is.configured as for
freguency/ peri od neasurenent- but with the set input nultiplexer .181 and
the reset input nultiplexer 182 selected- for different inputs. The
resulting count will be proportional to the difference in tinme (and hence
phase) bet ween t he sel ected edges’ 'd{? both wavef or ns. :
Al ternatively the signal period interval and the interval between repective -
zero crossi.ngs of the signals can be neasured, the phase difference
between the tsignatwremlanalys s medwls atteldtl momstists ofi bwof i démt ¢ owl
results. (3) 'Pulse width - the circuit is configured as for (1) but with
reset edge pol &inguily that hean b@pﬁ@é‘iftisué‘tedtﬁé‘ FetVakftpRfarvays € g.

if the set edge rity inp gu a ri_gsing, edge trlgger and
the reset edge q%[éqr’ngya, n‘B‘dﬂEBi? Yed’é ?tag al | i eedfj%s'? fe
counter 186 w I active onl mhll t he_sign I s high and the resultant
count wll be ﬁ? Yt o Qﬁkﬁg ﬂ?ﬁ af4? i‘i‘_ﬁﬂﬁterg(or transi ent

oL gnature anal 1S1S) LAY SR VAR e IR Pl
.inDUt of ~ the Progf?”ﬂ@$4§h ngge oﬁ?ﬁgu@@g %ﬂrt{ﬁg é;@%efeﬁrocessor
| 'such that the clock input multiplexer 180
selects a pulséd input of sufficient frequency
- to giﬁe an acceptable';ccuracy and resolution
to the measufemehf'to Be performed. ' The set
and :reset input - multiplexers 181 and 182
respecﬁively are configured to route the
required signal to the set and reset terminals
of the_éingie period detector 183. The set and
reset edge .polarity 'signals applied to
exclusive OR gates 184 _an_d' 185 must be the
same.-.Aftef an initial reset to the single
peribd detector 183 and initialising of the
Y, . e programmable_cduntgr'186_via ;oftﬁare control,
| " the rirst edge of the signal to be measured
(Qia the set I/P)'wiiinqauSe the output of the
siﬁgle period detector 183 to enable the
programmable counter 186 which will be
. decremented by the clock input. When the
.~ second edgé of the_HSignal_ to. pe measured

occurs, via the reset input, the output of the



and "reset" becone the start and stop control signals for the counter 186.
The resulting count will equal the nunber of pulses on the nonitored
between. the . -start and stop signals. If the start and stop signals
the sane as for the state signature analysis described below, then t
~count could be regarded as a. trana&ﬂ;on signature (as descri bed

her ei nbefore). (5) State

signature analysis - Wien the set and reset

| nput:
wer-e
t he

mul tiplexers 181, .182 are set to provide an enable pulse to the counter 186

‘the enable will -si.rrul-t'agfagﬁéy gl e QelletBil 1ggdhack sphuftidwpohgher

187 to characterise the da

a stream presented to its.input. (6)

ssi ng

pul se detection - this sedabe Aok evegardléy® \WAYSWIRAt DvccapBf igHirigg as
and conparing successive readings; and b) by setting a
frequency, |ess than orset/péséd timpyhd.se Ondien tive boutpnitt didsl, gofiet he

a counter

clock line to the 16 bit feed back shift register.

187 and -applying the

pul se train to be noni thowg thetm?atnammanie;cOunherow@ﬁﬂwiﬁltbeabénarx;Q

~counter 188 will go-hi

pul ses. .

(2)

gh indicating a mssing (or nunber of m ssing)

~counting °~ and the resultant  count is

proportional to the period and therefore

' proportional to 1/frequency. High accuracy

fréQuency measurement can be achieved by the

technique cf-measurihg_the period of a number

"Of"cycles' éécurately, allowing aﬁ optimal

measurement.

trade-off bgtweén' accuracy and speed of

Phase difference - the circuit is configured as

'for frequency/period measurement but with the

‘set input multiplexer 181 and the reset input

muitiplexer 182 selected for different inputs.

Thé'resﬁlting count will be proportional to the

" difference in time (and hence phase) between

' the selected ‘edges - of both wavefornms.

(3)

Alternatively the signal period interval and
tﬁe”interval between repective zero crossings
" of the signals can be . measured, the phase

.difference between the ‘tiwo signals being

‘calculated from the ratio of the two results.

Pulse width - the circuit is configured as for-

(1) but with reset edge polarity set to the



7). Short termdrift - by conparison of successive results for any
pafrticul ar function, drift, be it short termor otherw se, can be :
noni tored. When such a nodule is provided in the autonmatic test equipnent
the inclusion of sync lines and the anal og neasurenent bus all ows cascadi ng
of timng function, for exanple the timng,qQf four consecutive wave periods "
for very short termdrift or jitter analysH It is to be particularly
understood that _the above description rel'ates 'to an exenplary frequency
and signature anaIyS|s modul e _a r varled

t ha di ff
configurations providing °P3881 ? EP Ffépg t%p# %ilﬁﬂe? gCodthhSe
oul d be obtai ned by moangeBr ”eccfo%%’méo 9%2%%8@“ "Es"He uﬁ%*‘%.?ffféé'-‘éﬁ%t
equi pnment can further co
plurality of digital inpu ;gzﬁﬁuteaglg?gpli | Vi %ﬁglo b confl gurégoﬁ ? as | nguts
or outputs capable of bur%gugf dife tdirEd agbpVial yfanme BHEEOTS ighelr)e

seduence enul ator is to pro e patterns of data at real-tine and to

~ capture data froma circutheuBgdahte®sti86 Wialemwe ale¥iviedduls @&ﬁl&ksahbe .
used as a logic state anal yser or programmabl e pattern generator. Figure 9

shows a sinplified bl ock giggaamiel hdghewedpltivey remultamt asoumtdwid 1 det he
invention with the neans of |oading and retrieving data.into and fromthe
RAM om tted © proportional to pulse width.
| (4) Counter (or transient signature analysis) -the
eircuit is configufed-so that the clock input
multiplexer 180 routes the signal line to be
‘monitored to  the clock input of the
U | | programmable counter 186, and so that the "set"
‘and "reset" becoﬁe the start and stop control
signals for the counter 186. The resulting
" count will equal the-number'of pulses on the
| monitored input between the start and stop
.31gnals. If the start and stop sxgnals were
'_'the same as for the state ~signature analysis
::=described ‘below,  then the count could be
-'*regarded - as a transition '-sighature (as
‘described hereinbefore). - |
(5)'tState'signature analysisee*When the set and
reset multiplexers 181, 182 are set to provide
 'ah enable pulse to the'eountef 186 the enable
‘will simultaneously enable a 16 bit feedback
shift register 187 to characterlse the data

" stream preSented to its input.



for «clarity. In operation of the illustrated arrangenent, the
sequence controller 80 provides RAM addresses in the order required for a:
gi ven sequence, the RAMs are then read and their data held. in | atches 81,
82 and 83.  Data from the control RAM 85 is used to determne- )
whet her the respective data line is to.?§ used as an input or as an output. *
If. the data line is to.be configured as/&n output, both of the tri-state
buffers 87 and. 88 are enabl ed and the data from |l atch 83 appears on the

data line. If t data line is coan ured as_an. ffer 88

i s enabl ed. [@ hﬁ‘ dsfi'hg # W‘f? ope\"l&t?o a?s ?)e?‘?lb’r%’é on the
data RAM 86 mhlch captyyr rontthe data l'ine if the line is an input
and ot herw se rewites |ts pre |ous contents, via a wap- around of the

data from.latch 83. .. Thi sawr% ?EBH?‘igumﬁ% urg c%%w de rwe

advant ages of a reductlon in equir e sane ¥ used

for both i nput- and out put c@;@ mggpg‘gyé%]_@es,eéid; $§ ognahe system
Additionally it allows for any. data ine to be an inpu an out put, or bo{l/

as a -bidirectional line.. ) g4 esd@tihgust TEh&GuehdP, UeBsNThan &Hs an
alternative to the descrlbed wrap-around feature, separate data-in

and data-out RAM s may be: rarcmanetcb e peElsentea Donts obé eolDtoredj gure 9

- can be either sinmple or conplex. "In its sinplest formit mght consist of

"a counter’ pr oduci ng sequerdn dthedell exsis ebinanto sthie 16 bit feed back
Shlft reglster 187 and applying the pulse.

train to be monitpred;to the data input,

-the output of the binary counter 188 will
go high_indicatiﬁg a missing (or number of .
missing) pulees.' | | ] \J
‘7). Short term drift - by comparison of successive
results fbr_any particulen-funetion,-drift, be
it short term or otherwiee, can be monitored.
When such a module is provided in the automatic test
equipment, the ‘inclusion of sync lines and.the analog
"_measutement buS'allows;eascading of timing function, for
exemﬁlé'the timing of four consecutive wave periods for

very short term drift or jitter analysis. It is to be
'partlcularly understood _that -the above description
.relates to an exemplary frequency and signature analysis"
" module and thattmahy different ahd_varied configuratibns:
_ providing ' the 'same or tdiffehent  facilites could be
'pﬁovidedu'ahd that the- eame functions obtained by the |

hérdware'described could be obtained by means of software

control.



logic to indicate start: and finish of sequences, and need not include. a
sequence RAM In a nore conplex formthe sequence controller mght for
exanpl e be structured as a mn croprogram controll-er. providing for
exanpl e, subroutines of test sequences,. conditional testing and | ooping.
test sequences, and/or variable |engt cycle periods, all. powerful
and,useful test facilities Figure 11A ill !rates_a modi fi cation of the
Figure 9 arrangenent- according to which the expected data froman input may

be 1 oaded into the deie KMAADL1O best cadubheh! ahaitbeAirandnppiper o

with incom ng 'data using an excl usive gate ~The out put |eve

gate 89 then widdqbéndd dmald tor efodVlas vovdrd 1 a plur@liey sfadeghealbeen

reached or the test passed. |If this level were to be fed into the sequence
control l er as ainputpowtpuit thDts indiwiddaligncbarpgarable ts WwAptutsobrt he
occurrence of a S3 given event. Alternatively, "if this level were

arranged as in éugpues 1¢Bpablbe dfedbbraskst ofdareaRAM BE, acltdwittiye daTheRAM
WoWd contain a signature nmatrix with logic one's indicating tests which
have fail ed. Trparpose ofietheoseqeiencencemuliator Riw tooprevide patharnsces,
with el ements indexed by bit nunber and RAM address and referred to as, CM
and DM respect i 98| §atanatwrealatimej andvteocappuriidatatbrem aj gpnevibnd a
O corresponding to an output, then if -R is the corresponding

mat ri x - of expecqq@pgapg§t.thgh§gﬁgﬂ{ﬁgpv.module can also be used as a

logic-state analyser or'programmable pattern generator.
Figure_g-shows é.simplified'block diagram of an exehp;ary
:_emulator.according to- the infention with the means of
1oading'and retrieving d?ﬁa,into and from the RAM omitted'
for clarity. = In dperation of the illustrated
_arrangemént, thé seqUeﬁcez controller 80 provides RAM
addresses-ih the order required.for.a given sequence, the
' RAMs are then read and their data held. in latches 81, 82
~and 83. .Data from the ~eontrol RAM 85 is wused to
determine whether the respective data line is to ‘be use@ :
'as.an'input:or aé an output, ~If the data line is to bé'
— ... configured as an outﬁut, both of the tri-state buffers 87
| _'and 88"are-enab1ed and the data from latch 83 appeafs on
.ghéudaﬁﬁ line. If the data line.is to be confiéured as an
._input;-only-buffer 88.is.enab1ed; At the end of a qydle a
- "yrite" operation is'performed_on the data RAM 86 which
-céptures data from the data line if the.line is an input
'andfotherwise rewriteé its previous contents via a wrap;

around of the data from latch 83. This wrapfardund



matrix S may be defined as: -
represent respectively the bit-by- bit

correspondi ng nmatri x el enents.

S = (CM AND. DM . XOR. R where. AND: and XOR

| ogi cal AND and excl usi ve- OR of

_ I f the arrangenment of Figure 11B is used,
then the data RAM 86 will contain the signature matrix at the end of an

- .

operating sequence. If Sis a NULLIﬁﬂ&éé, t he sequence of tests has been
i

passed,;

Fi gures

_ otherwise it will contain conpl
‘that have occurred for use in diagnostic processing. Referring nowto

12/ ddvr@lean Zrot feseLhs | 48t aREEg N

egL .
constituting the nodules 27 and 28 |n.Flgure_ig.gghgagéﬁﬁﬁator _
sub-system péfiMirdiafent)i 489 theceAmRARAM chayli B! dseldn 8y BEEW! iapdegi ves a

conbi nati on of data output and data capture. This may be used for

pattern

~enrul ati on.

generating daitiicnicemaliy pit dlbowpaférrasy data dihegto beaar dmpuysi s

geamet aduitput datagiand previdesaaak¥3Es tes8ngfNthE 08y SEERASOr

For pattern generation the emul ator acts as output only,

the emul ator acts in an input only node capturing parallel data as a
function of an neutpubxt erndotdl cak. a blidirecitdomaloddssar Bigume i 0 node
the enul ator acts as‘a conbination - of input and output sinmultaneously, -
with lines ildMstrates diengdindgg@wen Asi npmt adftérnabipet tonabheal | y.

The

act ual

m croprocessor enul ati on sequence 1is based on the

enu|ation(ﬁqeqqﬁ;qqq|(ﬂmqgraround feature, separate data-in and

data-out RAM's may be provided.

.- - The sequence controllér 80 in Figure 9 can be either

- simple or complex. In its simplest*form,it might consist

of a counter producing 'Sequential addresses ‘and somef

' logic.to'indieate start' and finish of sequences, and need

not include a sequence RAM. . In a more complex form the

. sequence controller might:for.example'be structured as a

microprogranm controllerﬂ. providing for- example,

"subroutines of_testfsequenees,'cbnditionai testing and

- looping. test sequences, and/or variable ~1ength ~eycle

periods, all powerful and useful teSt faéilities;

 ;ygAfEigure»11A.illustrates a modification of the Figure.

 9“§§§#§§§mént.aqcording-tq which theﬁexpected-data from
5léﬁ;iﬁput-ﬁay be loaded into the data RAM 86 to be read out
-inte 1atchf83“and compared with indOming'déta.using an

exclusive OR gate 89. The:output level of gate 89 then

will be indicative of whether or not a given-stéte has

"been reached -or the test passed. “Ifithis level were to
'be fed into the_sequence.controilep as a jump condition,

it would then be possible to wait for the occurrence of a -

HD1gYRAAM

nformation as to the failures -

r’r&dje :



primtive mcroprocessor bus cycles: Menory Read Menory Wite I/O Read I/0O

Wi.te Opcode Fetch . Interrupt Acknow edge or any other type of cycle
required. . These cycles may be individually actioned giving bursts of
real -time bus activity, or strung together to give |engthy sequences of

real -time activity. The emulator itself , as shown in Figure 12A, . is'split -

into tw ‘interface :nodule-. types, a "Mster Emulator" for. sequence
control and a "Slave Emulator" for data $ines, and a separate "Pod"
for m croprocessor signal buffering and*cl ose tol erance timng. One
‘Mast er Enul ator Modul e (Figure 12C) may control up to four Slave Enulators

(Figure 12D), gi®en d@eay.chailre¢naitivelyGaliife thrigduidvield walrdv @ rip@ngaidor s
to be installed adjacent to their controlling Master Emulator. More than

one Master Enuhatdn Fdgube NSt 4ol &d, fedcbawkt ito kaita &b E6t chedl dhe
Emul at ors. The Master Enul ator nodule (figure 12C) provides the control
circuitry for datao RAMirwShdde containr ansignatare matrisuchitbnllpgileas
onedirect input line for an external clock. The nodul e provi des
sequenci ng. ofonhéSpanﬂécatsnsp§es¢Stm@iSMahewgnﬂeﬁigds and responds to the

Treating the control and--deta RAM contents as
matrices, with elements indexed by bit number.aﬁd_RAM
address and referred to-as CM and DM respectively, and

-~ with a 1 in CM- correspohding- to an input- and a O
. corresponding to an - eutput; -then if- R is the
- .corresponding matrix. of eiﬁected data, the .signature_'
_matrix S may be defined as:
S = (CM.AND.DM).XOR.R |
where;AND; and ,XOR._representfrespeetively the bi_t-byi
‘bit logical AND and exclueive-ok of corresponding matrix
elements. If the arfangement of Figure 11B is used, then
the data RAM 86 will contain_the signature matrix at the
end of an operating eequenee.= If S is a NULL metrix, the
— sequence of - -tests has been passed- otherwise iﬁ will
'.contain complete 1nformation as to the failures that have
.occurred for use in diagnostic processing.-
Referripg; now to Figures 12A through 12D, these
illustrate.:an " emulator tsub-system_ constituting the
modules 27 and 28' in Figure 1B. .
The -emulator sub-system -pnovidee ~high  speed
- 'pafallel'digital input/outpet ehd.gives a.combinatien of

data outpuﬁ and data capture. This may be used for



detection of conparisons or "stuck-at" faults on the Sl ave Enul at ors. The
step rate between patterns is determ ned by the Master Enul ator as either;
8MHz or -10MHz, or by an external clock of up to 10MHz which all ows
“synchroni sation with the unit under test (UUT). The follow ng control .
operations are provided: 1. ‘Run enul &d#r . fromone step to another. 2. )
Start run on SYNC, Trigger Pattern (fromword conparators on the Sl ave
Enmul at ors) or under direct programcontrol. 3. Stop run on SYNC, Trigger
Pattern, nm spattdrmi Ugénetraltdon,any ségPenunb@aty ungdgalgsigct Bhagram
control.” . The nodul e al so records the step nunber of any m smatches and a
total count micropmetedscr aem ¥estomeanFaf ophétlkeirng genbfatibomonke. (A
total of 2048 mi smatch step nunbers nmay be stored). The Slave Emul ator
nmodul e (Fi glemulitmr pagtisdeas 1®utipgit- sprbyl, Rigkniexeldmngli sequénté® loifnes.
Each line may be changed from input to output or ‘vice-versa '
dynani cal | y.pargileddpattesnsai ndma dagiecisdate analysi panodenshef

i nformati on on each |ine and may be st epped betmeen-patterns'using a \

ni ni num pat t¥PRLAEYD 8et30dMs aEadRPREOOMLYe Bade)r erREVBANEgRRNIL 8lsUse by
a series thernistor. “Addi ti.onal features include self-checking_of the
output |inesddiR q@8Bed TURBEAOR: "OF abARE ATy §XWEFAdonPE?S or aF® ofi ng

each |1 “fe- t Omf)eer&ﬂ:%)gégéjdw terx_]nu"jll.at;:i.on mode . the emulator acts as a

combination - of " input ~and output _s-imultaneously,_- with

lines :able _ to - change between input and output

_dynamicallf.' - The actu‘a’i -microp‘rocessor--_emulation'_.' e
sequenée is based on_. the emulation of. 'the__._-.f‘ollowing_
primitive microprocessor bus cycles: | :

'Me_mor'y Read | ~

Memory Write -

. I/0 Read

'I/0 Write

' Opcode Fetch L

- Interrupt Acknowledge

. or any other type of cycl-e;.re'quired.- - | \/ o

.Tlf_x:__e'"é'é{-_-c_ycjles- may be individually actioned, giving bursts
6f-;-’1-_";'e‘al-l'.c.'.ime-.".' bus activity, or strung together to give
‘lengthy s'e.qﬁer'xces of rea_.l-time'act.ivi'ty.z |
 The _"emﬁla_.tgr .itself, as shown in Figure 124, is
_ _split into 't_wo interface - module'. -t'y'p__es', . a "Master
Emulator" for sequence control and a "Slave E_fni;lator" for -

data 1_inés_; and a separate-- "Pod" for microprocessor



stored word which. may be selectively, bit masked. The emul ator subsystem
thus brings together two techni ques, nanely bus cycle enulation and RAM
behind the pins function testing. Bus cycle enmulation emul ates the
relatively few types of data transferirugﬁuctions that a processor
performs and functional testing with RAM behind the pins involves injecting
patterns into a board froman array of RAMs. As shown in Figure 12B the
" data in the RaMEBRALshufifering apdseinase hajeranee thmingis @neciasher

contar i, Lhe RelA e it BFL LA SSCUENGE o conRond g L9 pach elethe
0 ol WA PLRER TR P00 R AL b bt
%o feab M 155k, Bhur LS5 se1og UShiRREE i pe

sequence r-equi : §, O 133, £13 Sk o] ' ei n at ed .. '
toWrgure 19D [RRLE oYL g TMESEPF CBRIEALODT WoFE L RRRone MESLEF. o

circuitry is s .gwnaaéb{- 633 DS SeaEthhakacacdndiubatar dHdie | 8shaskateldy
t hree 2K RAMs 1, 222 and 223. RAM 221 provides the stinulus patterns,

RAM 222 col | egisvetBRulL&sePESEe and RAM 223 controls the direction of the -
buffers 224 "on the fly" for each clock state in dependence upon whet her
the line shoul d be ThadMagter Bwmulabor mddulbsldftbigure 1eC)obrokdédRaAMEhar e
driven in parallel . ' , o
' control circuitry for up to four Slave Emulator modules
U and asﬂ_éuch only has one direct. input .;ine :for' an
external clock. _The module providgs squendihg.éf the
_pattérn'steps to the'Slave_Emulators_and responds t§ thé
K,/ detection of Qomparisons _or. "stuck-at" faults on the
| Slavé: Emulators. The step'_:gte between patterns is
determined by the Master Emulator as either 8MHz or
10MHz, or by an' extefna1 clock of up to 10MHz ‘which
allows synchronisation with,ghe:uniﬁ under'tést (UUT).
The.follpwihg control operationé are pfovided: |
1. Run emulator from one step to another. .
: “ H2:“' St;rﬁ run on SYNc;_Tfiggef Pattern.(frdm.WOrd
| .comparators on the Slave“Emulators) or under
"direct”program control.
| 3. . S£op'run on SYNC,;Iriggér'Pétterh,'mismatch'bf
UUT states, any step number_on,under direct

program control.



froma counter which in turn is normally clocked by the UUT (unit under
test) clock. This provides the possibility of .a new pattern for eachk
clock state of the unit under test (UUT). Conparators 225 are provided to
det ect .differences between data fromthe UUT and data fromthe stinulus RAM,
221. This can be used for (a) checking for stuck faults on the UUT when '
i’n a wite state and (b) conparing r ived data fromthe UUT with
expected data stored in the stinmulus 1221 when in a read state. A
conparator - 226 is also provided to conpare patterns on the enulator
~lines with &Tpe assdule®ral sodrdderdestid sfep Mmumber fefl Angchispatbre YASTER

for control pgQse g...far. SYNC - ation, or for rtj or atopping
the run. Fi g%% %3 ??F%%t reeﬁ"ggt aX at@ﬁgééﬁnefgkﬁlgngg -elaay.f%éﬁi ;ﬂe ana ment

whereby a ¢hegkingya WT rcésponse.noddstotadesifg20di8dmismateh. Mtepny be
selectively f ment “and/ or stimul us pruposes. Each node
has four sW?%ﬁ%?ﬁ%ﬁi%ﬁéﬁﬁ§éssoci ated with it bé— nmeans of respective
change- over switcth® 3iavesEpndatoramedulet (Bhgusecddl)sprevidessiht chedw/

111 and 112 pioyigsed @ RAMVBAEREY Qf1gdeaNCeAt/PNEIAds | NeEARIeSine S} ch 111
as shown enables ﬁéﬁeasure nt at, a respective node, selected by operation
of a respect?®e GRENGLIsyi fEABs 1imMPuty e nelBtPBEat iR t ¥igeolRpSato

stinmulus | i néydamicaFly MuiThe module @onta imoRAMGUfiMiei2nt ot 204812
provides for Ifi€ ns of information on each line and may be stepped
betweenupatterns using a minimum'pattérn step'df 100ns. -
Each I/0 line is'ppotected against misuse by a series .
thermistor. Additional features include self-checking g f-f
of the output lines to detect "stuck-at" faults and a o
word comparator allOwihg.eaéh line to be compared with a
stored word which may be éelectiVely,'bit_mASked.
- The emulator subsystem thus brings together two
. teéhnigues, namely bus cycle emulation and RAM behind the
pins function testing. Bus cycle emulation emulates the
relatively few types of data transfer instructions that a
“processor performs.and functional tésting with RAM behind
the pins involves injecting patterns into a board from an
array of'RAMs.  As shown-in.Figure,IZB the data in the
RAMsfis structured in such a way that there is a segment
.cqntaining-the patterﬂ’or’pattern'seQuence corresponding .;) _
to each of the data transfer instructions, and the test
'-bfégram ‘(software) decides which of the segments to
output depending on which datg transfer it is desired to
emulate. The pattern sequencé to emﬁiaté:a data transfer
‘instruction may be formed from a set of micro-
"instructions in the emulator RAMs,: such codes defining
the states of individual signal lines in the sequence
' required to mimic the microprocessoﬁ béing emulated.

A



| oading of conponents or interconnection of signal sources, to nare
but two exenplary possibilities. The arrangement shown by ut|||2|ng

t hreaded t hrough chains of switches 110 in the lines 1 to 4 provides safety
agai nst shorting of test nodes one to another, provides the
possibility of utilizing floating | oadg Fand floating measur enents, and
enabl es | oads and/or signal stimuli to be applied across the nodes. . If
desired, line 2 could be gm tted- if nmeasurenent relative to an |solated
line is not requiredef eFﬁ1§8pF8cFP6§Weed@@dK¢@#tSéﬁvﬁélayenannlanhamhne a

et AT £ ok 55 S oSSR i3
th trix N I h I ted at h
oo Soooll RO, PRBLRRATHE 4 B & e
t t | d
cornectons, LOpiRgsga s 3581860 205 X, bt T kB, 98 Rnlig
useafor fan- i BabtehAY, OURNAPHIAS Aludiite (U0 by PESa00h 0o DS R 'gr?eg'gs

can be wused "to conplenent e function te

I nventi.on and EgngpghgeﬂﬁgmdggggkfgﬁlaplQh%omy¥§égg $8y P, Ht@%éﬂ{%&ﬂt

board assenblles Afirst type of j1g 1s a "passive" jig which
provi des a str goghthenWaldckeansa tef ig rddhce Rig ot Gth SEHEY thd OBd L OF

other unit under test (UUT) to the interface connectors of the test systen1
t he passive | sgoumdpbesregdangaomum:dpﬂn@ ed _
The address lines of the RAMs are driven in.parallel
— from a counter which in turn 1s normally clocked by the
UUT (unit under test) clock. - This provides the'
| possibility.of.a new pattern for each clockfstate of the
SN unit under test (UUT). . "
| ' Comparators 225 are provided to detect differences
7between data from the UUT and data from the stimulus RAM
221. This can be used for (a) checking for stuck faults
) on the uuT when in a write state and (b) comparing
received data from the UUT w1th expected data stored in
U ".the stimulus RAM 221 when in a read state.
flﬁA. comparator 226 is also - provided to compare
'patterns on the emulator lines with a preset word and the
result of this 1s fed back to the MASTER for control
ppurposes;'e g._for SYNC generation, or for starting or
stopping the run.
Figure 13 illustrates a patchcswitchingkrelay~marix

arrangement' whereby' a plurality of - eircuit nodes



device fof probing predeterm ned circuit. nodes of the UUT by nmeans of pin
arrays which are interchangeable to suit the particular unit under test, N

. the respective pins of the array being coupled via one-to-one conductors to -

the test system Such passive type bed-of-nails jigs are known in the
art. The invention contenplates the use also of a second jig type,
an "active" jig, which provides all §&& the functions of the passive jig
and in addition provides: an automatic probing facility equival ent

to rapid manual ng plus,a limted" |n- Circuit_nmeasurenment capablllty
Fi gure §g§1§B %%d **+acelo % eRf HtRl B crReRaS8d | yfor

Jl'g?séﬁﬁtﬁfg“‘a?ég%kﬁ 5%2@”& “isﬁ‘"ﬁ*ié%?s@i. £60 4588 3 "Sai i ng
orive [T o SuBbER12hes AN ANL ?@%ﬂ%ﬁ?ﬁ%ﬁﬁeﬁ&%@%ﬁ ch
contact i ng pegheevithenafiangebrddsu difed Ny dualohb i Lehec ,osghrfg —

comon |lines via software control ree common "I nes, eSI gna

I, Il and | bhdi BeGiohd csdfectse sGedchask SIS 112”5%%9&3@9
r ef er ence, and measur enent purposes respectivel t i mul us (I|ne )

- is derived, vaht etghobudémiedtiohs ot tige ARGS9, stsmﬁ;w PHe £f dfRnsYytem or
froma current source 140 provided within the active jig-itself in

dependence epehleaeacmmm5unmmaﬁteateaayespebthvé4hmde,T@%leuﬁeaﬂbﬁourCe-
140 provides a
operation of a respective one of sw1tches 110, to be made
relative to ground to stimulus line 3, to stimulus line 'Q‘,
4 or to isolated line - 2.' Snitch 112 provides for the_f |
loading of components or .interconnection' of Signal
- sources, to name but two exemplary possibilities.. The g/
arrangement shown by utilizing threaded through chains of
switches 110 in the lines 1 to u provides safety against'
snorting of test nodes one to .another, prov1des the
possibility of ut11121ng floating loads and floating
measurements, and enables loads and/or signal stimuli to
" be applied across ‘the nodes. If desired line 2 could be
omitted if measurement relative to an isolated line is
not required In a practical embodiment of relay matrix
'module, a relay switching matrix of 10 lines to h lines
is provided for general purpose use. There are R Ty
_type lines and '10 X! type 1ines in the matrix..
Individually conrolled relay switches are located at each

-erossover node between the X and Y lines enabling any

combination of connections to be set up between any X



means for limted in-circuit conponent neasurehent. Comon line ||
conprises a reference line for neasurement and may -be utilized to.
enable differential . voltage neasurenent between circuit nodes or to

enabl e single ended neasurenent with the line Il connected to signal
ground, the relay switch 142 enabling s ction under software control
bet ween the two nodes. "The neasurenent |Tne |I11 enables voltage

measurenent and includes -a potential divider/variable gain stage 143

under sof t war e oRé)f &k 1 Pn@8abhgd 2ami,de !Qh&ager@?ﬁ%?”ﬁ% Péﬂgfs Lhg
voltage to be measured being routed onto the analog neasurenent bus

within the oveiséd $¥stienswOeNDAg! é16mbhtsCeRealsAcBecHRCHeatsadggard
i ne when making in- circuit type nmeasurenents. The current injected when

a 61 vol t agkarselx cor | Saebuy appllieatfonbinulus input on line | can also
be neasured by virtue of the provision of resistance 144. \Wen used for
in-circuit type nediwo entypes heofictbed-gfenatly biigsecdam ore akedwotpays,
firstly an AC or DC vol tage can be applied across tw nodes and the

resul ti ng curreonplearent edheo funetioni mEsfancysteasaecendingt ltocothen
line 111 . providing guarding. The equivalent circuit of this nmode is
shown in Fi gurinventiscand| {0 enabhet papidaadrrehiabin penneptiendtas
illustrated in Figure 15B  to . allow _ straightforward resi stance

measurement . Printefqinapit heard asganiddes. r &sifdrsts type of jig is
‘a "passive" jig whi6h'simp1y provides a straightforward
means of connecﬁing-a printed circuitﬁboafd.or other unit
under’test.(UUT) to the inteffacedconnééﬁbgs of the-fest
systéﬁ,, the §assi?e ;jig;:coﬁbrising- a vaéuum. operated .
device fquﬁrobing'predété;mihéd ciréuit ﬁodés'of“the-UUT
by meéns oflpiﬁ'arbays whidh'ére'interéhangeable“to suit
the pérticﬁlér_unit unﬁer'iegt;-the:respeéfive pins of
thé afra&Ibeingléoupléd via one4£o-one'cohduct9rs to the-
test system; Suqh passive't}pe BedQéf-ﬁails jigs are
“known ihrthe.ért; The'iAQQntidﬁ édﬁtémpiates the use
also: 6£ 'é- sécohd jig Itype, Laﬁ :"adtivé" jig, 'which
U o 'Prdfidéénailhof1£he fuhctionsldfﬂtﬁe'béséi;e jis:and in
add}%ﬁbﬁ;: §r9vide;. an aﬁtdmétic':'probing.' facility
eqﬁiQéiéﬁt £§;éapi& manual_probing, éiﬁs a.iimited in-
ciréﬁi#_@eésgréﬁént capaﬁiligf;m" o
.'_Figuré' R of the #cébmpéhying drawings
schematicail& iiIUStEéEes the sﬁitching.bpératidhs'which
can be performed by the active jig, and Figures 15A and

15B show equivalent circuits for explaining the



capacitors, inductors and diode or transistor junctions may be checked .
requiring the Analog 1/0O and Sine Function Generator Interface nodules to i
be present in the systemfor full capability. The routings provided
within the system between such an acti%g# ig and the anal og stinulus and
nmeasurenent buses can further enable e use of inpedance neasurenent

over a range of frequencies, or frequency smeep 'to characterize a

paral l el ci rg {I%?%fggntotanq?hgggngg %fedl AR %ﬁ;ﬁ%‘% %‘E%m n s to be

anal ysed rent Al so

techni ques Cﬁ@aaﬁ u&edm@va'ew 1% | g PafRd | %It fve p@fg'arﬁ%smwded with

pOSI tive and wt negative curren ent junctioens 1n suc ch

paral lel ciégablesebpm®et 5160 nails T[8acSBonBhctiREMA" k1 Sqblqat | ve
algorithns to represegt t he character?zatlon rrayc %Wge ugggqugﬁg?nafter

described igfaanayuf pctyr ived ﬁecif@i&uanayywwm@d td NPhréd ! 'é%inin%hed in
.Figure 1B) designed to enable in-circuit testing of. a circuit board

assenbly forlﬂﬁésrvuaawomtwﬁrdﬁmmﬁﬁﬁbutln@h#ﬁéﬁiﬁréﬂcboaﬁoﬁhQ&he%'rCU'ﬁGJ
tracking faults, ms=inserted and/or m ssing and/or. out .of tol erancé

conponents, desligmetédn_dl,l obIofanddIIIduit Figegeat &Y, careuiused efor
rather than for functional testing of the circuit board assenbly as a
whol e. I n astiimubus;o theasubemegta r egferemeet, f oantul | measureaealt
testing ~of circuit board assenblies e€tc., which is the principal function
of the auton&urgosggtrespectively. Stimulus (line I) S derived,
through buffering, from the analog stimulus bus of the
-ytem.or from a current source 140 provided within the ' hu)
active jig itself in dependence upon the condition of a
relay switch 1#1. The current source 1#0 provides a
means for limited 1n-c1rcu1t component measurement. \"_
Common line II comprises a reference 1ine for measurement_ |
.and may be utilized to enable differential voltage'
measurement between circuit nodes or to enable single
ended measurement with the line II connected to signal
ground, the relay sw1tch 142 enabling selection under
software control between the two nodes. 'The'meaSurement
'Iline~ III enables voltage measurement and includes a
upotential divider/variable gain stage 1#3 under ‘software
control to enable a wide voltage measurement range, the
voltage to be measured being routed onto the analog
'.measurement bus within the overall system. Common 1line

_ III can also be used as a guard line when making in-.

circuit type measurements. The_current inJected when a



equi pnent herei nbefore described, there also exists a need for relatively
| nexpensive testing apparatus designed to enable manufacturing defects to
be identified prior to full functional testing. .This need stens fromthe
fact that it has been found' that by far the mpjority of functional faults
oi gi nate as manufacturing defects such.as those nentioned above. An
acceptance rate of 90% and above can be ol§jai ned on full functional testing
if a prelimnary rudinmentary fault |ocation is effected based upon | ocation
of manufacturing defects. The provision of a manufacturing defects_ . '
anal yser nodul ¥od&agensourser diS Pl e3thtaard ehimntest Fepwtiontling the
automati c test _equi pnment according to .the inyention., Ref erri,n to
Figure 16 whi 4N 21ALndS cHERFUrPAURY aVAELHeL i r ERE; 3ﬁa?IVi§8ﬁ°Pch?%g
network utilised in the ngrlﬁlf acturing defects anal yser (MDS) nodule, the .
network will B&Siskame conprise four bidirectional switches designated

231, 232, 233 and 23, JQLEORIFCLRA AT R el oBIGReALNET A0 I il

solxge +, source -, poi nt “(nade) “an eparate nmeasur ene

terminal s desi t t 9; I especlievel ). t r ey tqr%,m' I nd
241 also ar e%q%r @\%yggbga u?see‘gdgpe%: iégybtf glr‘%dgta rri nthnrggt edggefcaftiﬁgnn%lf

the swtches 2%1%%%@%%@%@ bBS13Wd RGPS T’ HbdeBUndCLRE FOSUDEing

control termnal for exanple, switches 231 and 232 can. be rendered

conductive SO prrRntONHEsdus &8t tBOig’itv'é ngle) mpédaheet hreasuranett owishurce
+ termnal 235 and to the "positive' S '

common line IIIX providing guarding. The eqﬁivalent
circuit of this'mode i; shqwn in Figure 154. Secondly, a
constant DC current éan be_injeétéd as illuétrated in
Figuré 15B to allow. straightforward resistance
\J/; measurement. Bgtweenl these methods. resistors,
capécitofs, inductors and.didde or transistor junctions
. may be checked requir;né'fhe Analog I/0 and Sine.Function
Generator Inﬁerface modules to be present ip the system
 for full capability. The routings provided within the
syétem between su¢h an_active jig_and_thé anaiog stimulus
and measurement busés. can _furﬁher- enable the use 'oﬁ
_impea#née méasuremént ovér é range of_frequencies, ér
'fnéqggncy sweep,_to'characteriie a parallel circqif
éiement and thus enable different.parallel elements to be
-analysed according tb | their _different_ .frequency
| besﬁonses. Also techhiqués can be used involirir;g the
separation of impedances ﬁeasqréd with:pésitive and with
negative current flow to identify jgndt;ons-_in such

parallel circuit elements. The wuse of -network



measurenent termnal 238. |If control termnal 241 is selected,  then
swtches 233 and 234 are enabled to connect the test points (node) ;
237 to. the source ‘terminals 236 and to the "negative" mFasur;thb -
~termnal 239. The netvvork shown in Fi gcéa 16 is but one of a
of ~paral |l el'-connect ed networks each in dual |y addressable vita-its

control to connect its. respectlve test point (node) either to the
stimulus so r a re t termnal 23 or to the
source - (re?gggﬁée§l%gr%}gakizggg Q% qggﬁﬁﬁlﬁﬁ%ﬂ°ﬁ%ﬁ%ﬁ on A
conponent onpaypai8beteCiisedit board for ‘exanple a re5|stor whose

resi stance is ¥o be verified as belng wthin specified tolerances of

its noninal val ueHep@BnRELEAN @656618EAONE OF '&&n@f&'@t@hﬁ’% Q%f% ctd Probe
or a pin of the aforenentioned active or passive Jigs | e t he
test point ahadyspr mbdudey (note MustrdgedeinOFigapd aB) lrrsagneact ed at
Its other end by neans of .a probe or jig pin coupleg to the test point _
(node) of ahbg enabie imweirbiudy testimgkof anéinduit1bﬂanﬂMdsQQMHl d
networks in question can be  controlled by appropriate addressing of :
their controforedetaaménabiohaofomanuéantpwumg (dedeée)t sc suphedst @hoprd end of
the resistor is coupled to the stinmulus source (for exanpl-e a constant
current gene?&f%?itiro$ﬁé&3iqg1fh@lbDAlﬂiﬂﬂkn&§PQ¢¢eandYog silismilngs bus

of the automatic test, e ment) and to one termnal. of a voltage
measur enent %%df ugvggegolerance components, and the function of

individual integrated circuits, etc;' rather.than for

functional testing of ¢the circuit'board aSsemblj as a \_Jc

: nhole. In addition to thereibeing;a requirement for full -
'_functional testing" of circuit' board 'assemblies ete., -
which is the principal function .of the automatic test A
'equipment hereinbefore described there also exists a
need .for':relatively- inexpensive testing‘ apparatus'
_designed to enable manufacturing defects to be identified
'prior to full - functional testing. This need 'stems from
the fact that it has been found that by far the majority
of functional faults driginate as manufacturing defects
-:such.as those mentioned above. An acceptance rate of 90%
1 and above.can be obtained on full functional testing if a
preliminary rudimentary fault 1ocat10n is effected based
| upon location of manufacturing defects. The provi51on of
a manufacturing defects analyser module can;thus uSefully
" complement and enhance the utility of the automatic test

" equipment according to the invention.

Qrge nu )
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f in_' t he MDA grmdul e or cbupled to the anal dg measur enent bus, and the other
tegt :poi nt (node) rcoupled-to the other end of the resistor is coupled to

gr?ﬂnd a@d'to an® her termnal of the voltage neasurement device. A
current pul se %ybpfred fromthe stinmulus source to ground via the resistor
will set up a €orresponding vol tage across the resistor which can be
neastred by the vol tage neasurenent devicg;Bo enable the resistance val ue
of the resistdr to be conputed and, as desired, conpared with its nom nal
valué to enable a decision to be taken as to whether or not is resistance
value is within an Refgrabig toterarRkgurerantfe ofwhileh nosichematikagly As
will -be well understood, the.addressrn? of the control termnals of the
swi t chi ng net wdridistrafes ¢ pnithid ivgrit ionpl ngwitehing metwerknugdlised
applications and of t-he neasurenments may advant ageously be under control of
the conputer inth & B8Ry PS*’PE%PSe(ﬂ,ﬁ’;\%ﬁéﬂ.W ¥er a{MDBYi prdeley &she

, ts i inted circyit board for exanple >t ested
ot cal 1y BAEHORKCaddncBe SPER b GATAN AR kAT | BABLRBCERPRRLe 17
hows the actua - up, of , L he, swi Lchi ng.petwork of Eigure 16. As sh
T Foure 17 eat et cdupenRued:sat, "33y 3aR0, 85 i Rspropnneted™
bi di rect i onal " gpal B . ' t
Comnect ed a5 st T3 hePieE il aPREF anfirstd®sob®ik, 90 Fm oy o

verters 10 (e SRl MECtiones sha' BRB°SkbYFaE hallrehlitIRbraiAils
. .designated 235 to 239 .respect'iv_ely. Control terminals

\_/ o _2140 and .2111- also a_ré ” prc';vided __r_"esp'ective-ly for
| deterniining the operatiéﬁ Of'_'i:he swlit.che's 231 and 232 and_
the switches 233 ,‘23’4. By,."Sel'e'c“zt_i.dn of‘ géntfol terminal

o ..240',j for example, | switch_es"_2'31 an.dl 2_32"cari be. 'rende_r'e_d
':conduct'ilv_e. so as to con_ne_cf. test ';.Joint (node_) 237 to the
.stim'ulation_ISO_uree + ter-inin'éi 235 And'té.the "positive"
measurement terminal 238. ___'-I_t_‘l.contr_o_i_ _t'_efn_:irial 241 is
selected, then '.swiﬁches" :_233' and 234 _' are enabled to
connect the test ._ point '(node_)-. 237 to .'tlhe"_ source -
"__.termi_nals. -236 and to the 'fnegativel'.'. Im.é_é'Sur;e_mer-xt terminal
. Thenetwork 'shown in Figﬁr;e 16 is but one of a large
nuin'l:.:?é'r:' of p.ar'a]'.iel_-connfectéd _nletwcu)r'ks .eaéh “indiv idually
éddresséble via ;i't's contré_; to c‘o_nne'cl_t‘ its. 're'spective
test pb'i-n£ (node) either to the st_:_i;nﬁlus source +
te.r-r_nlina_l 235 and .t;o_ measurément terminal 238 or to the
soufce - (r.efer"ence) -termi.n'a.l 236 at_ld_l"to“' meésurément

| terminal 239. A component on a pr'i_nted circuit board,



Wth the arrangenent shown in Figure 17 and with a resistor, for eéanple,‘
to be tested coupled between test points TPl and TP2, the applicatiorr of-an
input to control term nal 240 of the sw tching network associtat ed mnth test
poi nt TP1 such as to render switches 231 and 232 of that network .
bi di rectional |y conductive, and the application of a correspondﬁng i nput- to
control terminal 241 of the switching network associated with test point
TP2 such as to render switches 233 a q£234 of that network
bidirectionally - conductive, - wll g ble a  current pulse-to be
passed through the resistor and the.correspondi ng: vol t age devel oped across
the resi st oforoefampiasyr edsiistore whones veditanulas t238eandr2dfed I n
sim lar -manner, other conponents such as capacitors;, inductors, diodes
transi st or s aat cbed:ng bel theint edspme apidd cttdleraneds ofel d&sednominal
current/vol tage/ frequency stinuli and/or combinati.ons thereof and
observatlonV@ﬂU@hecﬁ@sMaxgﬂnQQQWQﬂua&mﬂm%g@frbt%oﬁaésobYtneanespécalve

- conponents. % re 18 shows the general circuit arrangerment of. an

exenpl ary PDRden®ul@ Pé%c@fdmﬂf %Sorﬁﬁéntﬁpé§én@QQiﬁﬁn¢%nPaSSive
Ref er ence nuneral - 251 nates . a mul tiplexer .conprising
plurality dfigs heoupkedcnit ﬁ’g % tieS te SAINted RRSERD wioth F@Ver@ﬂﬁe to
Floures 16 S0 ihand e bty s ngéﬁ%%%@i%& g aehde) gha
addressing %% h@% °®¥“& pﬁ%ﬂgrgﬂ Jg coupled to the test point
(node)"of any other' switching network, and the two TN
switching networks in question can be controlled by
appropriate addressing of the1r control terminals SO that'
one test p01nt (node) coupled to one end of the resistor BN
is coupled to the stimulus source (for example a constant
| current generator prov1ded in the MDA module or the
analog stimulus bus of the automatic test equipment) and
to one terminal of a voltage measurement device provided
in the MDA module or coupled to the analog measurement
bus, and the other test point (node)“coupled to the other
endfof the resistor is'coupled to ground and to another N
terminal of the voltage measurement device.. A current
'pulse supplied from the stimulus source to ground via the
.'resistor will set up a corresponding voltage across the
| resistor which can be measured by the voltage measurement-
device to enable the re51stance value of the resistor to
be computed and, as desxred, compared w1th its nom1na1

value to enable a dec151on to be taken as to whether or

not is re31stance value is within an acceptable tolerance



; 241+ of tRhe .smﬁtching networks and further having' termnals 235",

236', 238, an 239" corresponding respectively to the source +
tegn1na| 235 the source - (reference) terminal 236, and the respective
measur enent tennlnals 238 and 239 of the switching networks. = The source

terminals 235 7is-sel ectively connect abl %Eyl a a swtching device 252
controll able. fron1 the central processing wunit (not shown) of the
automatic test e 8gent systemw th voltagI$p current and frequency

sources 253, 25an ﬁd theoBpBinagevplae Midilnpe medgr aindeastooa, t he
modul e or deriyed fromthe analog stimulus bus of the automatic test _
equi pnent systgﬁf grﬁF§ﬁn§n°gx BEngPOLtECH rarminad ssiofndded swdidichiimg 256
in the vol tage i I hi gh ,value resistors to be.nmeasured.
The measur enen?é?gé%ﬁﬁél s 86}'[1”;'?@ g‘f’dt hg heuinatieseof othe &tdmudawgpl ed -
instru lp ener al | designat ed 57 . conpri_sing
Qrﬁlnpedanceggg; %égggggp g g di er%ﬁ??gf kgfpéw a“§ﬁ§ePH§1§Utput
e instru t er.g£5 ed \Y; 266 to
a mnndom1conpg§gtg&ag?r?§§£§§% %%OZP %ﬁﬁ#ﬂ %n gPﬁ aﬁwg aiéﬁd%QQﬁm

reference | cvghgipheht] scAndhaterd] md n‘ah{@{]tyt%f PL8HpIReApA" ORI g

I nputs to | agical- C|rCU|try 201 prOV| oﬁtputs
representatlvepriJiflteclhecfi@'l::&'fi*l'.onf?cil:bza!l"d)f ?99 MRASIHA a&%ﬁ ogﬁth%egggaonent
wi t

in question to a predeterm ned tol erance range ‘associ ate
acceptable Conmmhematically -_in accordance with a preprogrammed
routine. f I |

Figure 17. shows the actual make-up of the switching
network of Figure 16. As shown 1n Figure 17 each of the
switches 231, 232, 233, 234 comprises a bidirectional
-analog transmission. gate, and the four gates are
connected as shown to define two control terminals 2&0
and 241 coupled via inverters to the gate electrodes of
respective pairs. of the gates 231, 232, 233, 234,

With the arrangement shown in Figure 17 and with a
resistor, for example, to be tested coupled between test
_ poi'n.ts TP1 and TP2, the application of an input to

a o control terminal 240 of the switching network associated
'with test point TP1 such as to render sw1tches 231 and-
232 of that network bidirectionally conductive, and the
application of a corresponding input to control terminal
241 of the switching network associated with test point
_TP2 such as to render switches 233 and 23" of that

network bidirectionally conductive, 'will._enable a



The out put
di spl ay dat
switching d

either the direct output of the instrumentation anplifier 257 or with "t he

of the instrunentation anplifier 257 is alsoapplied to a

abus 262 via an anal og-to- dlgltal converter 263 fed via a
evice 264 control |l able fromthe central processing®unit with

out put of an RVB-DC converter 265. The switch 264 is also connndcted to

receive a s
resistor 25
digital-to-
V- to be se
term nal 23

equi pment appar at us ure

conbi nati on
according t
phi | osophy
~ 251 above.
1,2,3, .

240',24r

nmeasur enent
measur enent
reference t

i gnal representative of theé¥gltage [err] derived across test
0 A

6 afore- nentioned in order nmeasure source currents.

anal og . converter 267 enables a negative reference voltage

| eerrent yPUBBRi 6@ \Hea Rawsedytkopugh bhe resiksorchodenbe

6' of multiplexer_ 251, the D-A converter 267 and the switch 268"
bei ng contro¢¢%h@%9¢?6h?$H@D%E%G?a@eﬁﬁb%ﬁgglﬁﬁfQﬁﬁt thy nesd sharoks b8 test |

IS ener r esentatlon . of
344 5hn Bktinen easunspert ohadee ' S25° W,

0 the gresent i nvent,ion and is useful

uRtBt

understandln

t he

i gAEnt syt em
th
F RS Ty M. COBRBPS BU slgh el PRGSO Sexer

gt L %pion PG R el BRI pi0ee”

QSQliéQEkgéou %ﬁi@@& 39,gg??%ﬂ%»volt%g%/fr%#%ency

odeés and orenenti on

o Figure 18 responds to 1 nput data from

SysheM aﬂa%gnaé&&b%@&)n@ﬁs meharegrft | il aatxeiﬂeésibne%fw th

the resultant current/voltage response of the respective

' components.

an exemplary MDA module according to the present'

Figure 18 shows the general circuit arrangement of -

inventionf Reference numeral_ 251 designates - a
muitiniexer comprising a plurality of the switching
networks described above w1th reference to Figures 16 and
17, the _multiplexer 251_ having associated therewith

address buSes designated 250¢ and 281" for computer

.controlled addre331ng of the control terminals 240 and

'2u1 of the' sw1tch1ng networks and further having"

-terminals 235, 236' 2381, and 239’ corresponding

respectively to the source + terminal 235 the source -

‘(reference) terminal 236 and the respective measurementi

_terminals 238 and 239 of the switching networks. The

source terminals 235' 1s selectively connectable via a .

sthching device 252 controllable from the central

processing wunit (not shown) of the' automatic test

eduipment system with voltage, current and frequency"

o/



the_central processing unit (not shown) of the' systemregarding the
measurenent’ type (e.g. voltage stimulus, current stimulus, frequency
stinulus), the ddration of any stinulus pulse to be enployed, the tine at
whi ch any nmeasurenent is to be effected, and high' and low °

t hreshol ds to be conpared with neasured Y@%ues,'and as the result of a
measur enent effected upon a conponent is ©€&pable of. providing neasured
value outputs. and a conponent status indication. Whi | st vari ous

specific arr a0ogpEdd s agiyeashecindeyyy bpdshrbeiveand aill 'u%hbagggpgi n

t he acconpanying drawings- it w be clear to the reader possesse

rel evant skil}lgteghai p&HEB ofPeWief iModiAld WY& Ped aFPoRXEHR! anklogn! y -
and that various nodifications and alterations could be made w t hout

departure fromgtheupesepsas efbtheohutbaaitivetieistn eqiiphent isyspeayi dada
nodul ar automatic testing equiprent which has the facility to enable
a user. to confupthieahhexternaletermimali A stgmiandcuresisperpdsé iby
selNe¢tion of the appropriate interface nodules froma set of standard
nmodul es. For theegohbege sosraedakihe nemablhes hbghl yailvensesisbarsalsoe or
is not suitable for the desired application, "a standard prototyping
board interfabe measweedny Bhepmeasucenanth tgrmimalsd 2385uRB9df of) thady
installed circuitry enabling_the user to design.and build his own nodul e
froma starti n@?bb%h%-ﬁﬁ?rea§§1ap|§f'|%at‘1"‘?ﬂi’b%i.gﬁ‘?i N8 t HesEyymemtatdes ane

signal structure. -
g : - amplifier generally designated 257 comprising high

U impedanée bﬁffers 258 and a differential ampiifie: 259,
and the output of the instrﬁmentation amplifier 257 is
'équpled via a twq'way switch 266 to a.window;cpmparator
.arrangement 260 for comparison _with. "high" and "low"
reference levels Vg and V; in order to provide
cofrespondinglinputs to iogicalicircuitry_261_providing
;high", Fin". or "lbw" outputs reéreéentative of  the
‘relationship of the measured value of the component in.
question ixi a predetermined_tolerance'fange_aSsociated
withtag acceptable dbmponent._ - _ _
\ | ”.” iThe_outpﬁt of.thé_instrumentation émplifier 257 isw
élsé aéplied to a display §atabds 262 via an analog-to-
.digital eonvebter'l263 .fed via a switching device 264
controllabie_from the central processing unit_with either
.the difégt output'of:the instrumentation amplifier 257 or
with the butput of an RMS-DC cqn@epter 265. The switch
264 is also connnected to receive a signal.représedtative _
of the vbltage vy derivéd_across tést.resistpr;ZSG afore-

mentioned in order to measure source currents.



"The system could further be nodified>for exanple so as to include a .
facility for handling out of range sensed variables such as by neans
~of software controlled potential dividers of preset scaling. factor being
called into operation as and when appr 3§iate; such a facility could. be
~provided in association -with both direct and opto-isol ated i nput/out put
“lines. - CLAIMS:- 1''. Automatic test equipnment for the functional test-
ing of electronid ci Adgitel-¢g-@nadiogmat convesteequih7 neenadbdesri sang: a
progrannable_controller_cdnprjsing.a di gital conputer havi ng keyboard and
di spl ay f acheggtdye meLarengpaneltager V- te e camiretiwely appliedid
progr anmabl e .c. es sucg'as power
0

suppl i es anaigﬁé%ﬁga%;%‘?ﬂ*%gﬂ%?Eﬁr{%r%gf‘t?%n,‘?ggéﬁ%fﬂ??n@ dr°fhe .

of et 1 nbirdaXga P e Bty Brdanontenierord 401 R8I P ItER 2BRct fon
dul o > = ; Y ot o, i ) Sho

“each of “sai deim A G HRULE Tk (e CPEREr ooy B B ol |

ct’%%tg;kd@ e gﬁéﬁ'ﬁgfm ned type de- signed to

plurality of..diffarent: .f
be controllé %b?“?ﬁﬁﬁﬁﬁh Ser - gured. selection of function

modul es - conpr i sipigupe! Wl i4y Of SpekerREUI F8pPELERLA BEShVEdrT Nege: 1N

' combination of an MDA module with an autbmétic. test

equipment system according to the present invention and i
is useful fdr‘undérstahding the philosophy underlying the o
inventive combination. - The multiplexer 251 " above .
T'déééribed”ié_shoWn”pEbviding'ﬁ plurality of measurement
- nodes’*1;2;3,. ,.;;N;_.as well as ﬁhe_'contrdl 'terminal <
seleétibn"iﬁput-:buses 240*,2451', and the source,
' reference l'(gfbuhd)°“ and two."measufemeﬁt " nodes
235’,236';238*.ahd'239' dforemeﬁ£ioned. The measurement
systém;'desighated'zﬁo, as ﬁbre'ﬁarﬁiculaflj-described
with reference to Figure 18 responds to input data frgm
the Qegtral prQCessing;unit (not showﬁ) of the system.
régéﬁdingTthe méasureﬁent type (e.g. voltage stimulus,
eﬁf;ggtfétimﬁlus, frequency stimulus), the duration of
adyfégiﬁﬁiﬁé'pulse to'be'gﬁployéd, the time at which any
'meaéuréménﬁ"is "to be effected, and high  and = low
threshdlds?fopﬁefcompared with'measuréd'valueé; and as
| the.fesult of éJméaéurement'effected7upon"é component is
capabie. qf“'providing ]measgred“'value_ outputs and a

component'stgtus indiéation. .



selected ones of said connectlon sites, each of sald function nDdules bei ng »
adapted to'be controlled by the. controller in ‘the  performance of.
predeterymined specific circuit testing operations. and including means.
td enable the function nodule type, as regards its functional capability,

to be determ ned by .the con- troller; connector nmeans for coupling said
plurality of function nodules to an electffhic circuit to be testeds and a
bus structure interconnecting said plurality of. function nodule connection
sites with each_othsf .and wi-th said programable controller iin a shared

resource arrangementPiSbyi diRGOUYTor SRAGECES ARAAREEBEMLI U RAVE  Dbeen
t d d b
f 35“:53%%: cat F%%'%&?f“s hErEL g o il nased | i ( 508, RYBRhGn RS
h f d | d f
o S8 4 ol B A AR e
stinulus and ?@ﬁ!qgntnegﬁi igenth?tse§ugﬂab%bggif98 S%P ﬁgUBEnﬁgalérb

resodurces within-t autona L C test equrpnment by direc nrca

VT i e i St
conprising a. R%era¥iidng 0dosldnade | imaae fRitread! 'dlébatdit.lr%?t ftredulenéO-
' -general ambit of- the invention" which is to provide a
:modular automatic testing equipment which has the
U : _facility'to-enable a user to configure the equipment to
suit his- particular 'purpose by 'selection of the
_ aopropriate 1nterface modules from a set of standard
\_ -modules. For cases where-a standard.interface module is
‘not’ available or is not Suitable“ for'-the- desired
:application, a{ standard prototyping board interface
module'may be.prov1ded-w1th a limited amount of already
installed c1rcu1try enabling the user to design and build
t his own module from a starting point of easy. application
design 1nto the system backplane signal structure.

_The system could further be modified for example so

as'to-include a facility for handling out of range sensed.
variables- such as by  means of software controlled
potential dividers of preset scaling factor being called
into operation as and when appropriate, such a facility-
'could.be-prov1ded in - association with both.direct and
opto-isolated input/output lines. R |



modul e comuni cation for . cross-synchronisation of events occurfing -
within the automatic test equipnent. 2. Aut omati ¢ test equi pnent as
~claimed in claiml wherein. the programable controller ~ includgs a

plurality of function nodule connection sit “ ﬁﬂl receiving
any one of a plurality of function | e tyﬁmmm m lﬁmd ‘t hrough the
control ler and means are provided in the contfolfertafdd in the function
modul es ' to enabl e the controller to determne the type of' function nodul e,
as regards igrariMgactional capability, received in -any of said nmodule
connection 'sites. 3. - Automatic test equipment as claimed in claim2
wherein said means to enable the controller to determ ne the type of

function n?dule axsommaﬁedtwmtheqnﬁpﬁbn&afdrﬁ?ﬁ§|Quﬁ@mﬁeﬁhloﬂeﬁtLgs g
r 0 a ia ai d nodul es,
oot moane | ABE, o Brectrihae RS ARIRR . TRRN, BuEomAstR, BRSR. ShyiRoo. -

connection - yﬁ@&scpmpadcémcaln the nature of. the code neans associ ated wit

nodul es received thﬁf@é?aﬂiﬁ&ﬁfby édh“\ﬁ’ﬁ@ mﬁbﬂﬁgg%gﬂéOQrakgggag nap

i ndi cati ng what nodu e’'1s.recel ct1on
Aut omat i ¢ t@9@P@¢G¢ph@ﬁﬁnssk@wbpﬁﬁd endadysplayhEagiddsdrng cl ai ns adapted

and arranged suclpiiiaat, meansperréfon aiethe;cﬁﬁiaéﬁm itlee. egyygment
Provides 2 Yo Smatle WaFoLoal b % ST S of "RALERE RS-
- vices such. as power supplies and external specialist

instrumentation°

- second means for the connection to said programm- _ -~\_5
able controller of a user configured plurality of test-
ing devices said second means comprising a plurality of
function module connection sites provided in the auto-
matic test equipment with each of said connection sites -‘Qa
being capable of receiving an& one of a plurality'of '
different function modules of predetermined type de-
signed to be controlled by the controller, a user-con-
figured . selection ‘of function modules comprising a
plurality of such modules being received in use in
selected ones of said connection sites, each of said
function modules being adapted to be controlled by the
'_controller ~in thea performance of predetermined
'specific circuit testing operations and including \“j
' means.’ to enable the funection module type, as regards
its functional capability, to be determined by the con-
troller, : - _
connector means for coupling said plurality of
function modules to an electronic circuit to- be tested-
and _ . : o _

-a. bus. structure intercOnneoting'said plurality. of.
function module connection sites with each other and
with said programmable controller in a .shared resource
arrangement providing for direct module-tofmodule
communication, said bus structure including:



derived on a question and answer basis and designed to | ead the user
t hrough ., the operations required for creatlmﬂnum‘l lﬂm”m erface with a
unit - under test «and defining the required tes utomatic test
equi pmeht as claimed in any ‘of the precedlqg.c ai s i n"cofrbi hation with one
or nore signak neasurenment and/or injecto pr obes |nclud|ng an

integral display foriyndi cafidsmpuiter Wlatifs i %Hd?ini%’ttin ot i on
“such as, for exanple, a designation of the next R0|nt 'to be p obe in a

sequence contﬁﬂQ¥xﬁ%ﬁﬁt?EP%ygi%n?QBPFQb}%P Bo the,fynetion: aodudesi pnent
as ;:I ? ned |n|farry @cﬁntﬂmm@geﬁnegopekaw&n wtrertalen f;d#&idﬁekﬂbf[a%'l@s " f '
includes a p e u 0 e atiqns whereo

are changeabl ear{fﬁd%‘?#s%??mg &t5*|f’?{blg%\%ﬁ ??le 6?’89 F&@l ?’WﬁQnarranged '
to provide tomodwl®san indication as to the current functions of said

speci al function keyey) - Ghdigs ASIHALEC LA3L S Qe BhAHET N

claim6 wherein sal eC|a
d|§/1nctlvehybﬁﬂQﬂuQﬂFQ&kﬂ&fﬁhﬂl§b$é§n$a@flﬁﬂ?lps nesevgeest withdnude a

corr espondi nglghe Oh@YsREL 1 8diteisd 'é‘t}dﬂﬁnédtd' Eﬁt uQPee%med?ﬂiizntiQ:a%mer of
the current fynction of ea speci al_. functi gn Aut omat | test :

equi pnent as CISHYREP i AUBRA ?B?‘ fnﬁé‘uﬂleécé'cﬁ‘??givﬁﬂ ai"i‘rssa\iﬂercéﬂ@e@ o

di splay facilsijes of analog stimulus and response signals; and
) (iii) a synchronisation bus’ comprising a plur-
' ality of signal lines for enabling’ direct module-to-
module communication for cross- synchronisation. of
e events:occurring within the autouatic test equipment.

2. Automatic test equipment ‘as claimed in claim 1
wherein- the programmable controller includes a

\ plurality of function module connection sites each
capable of receiving any one of a plurality of function
module types to be operated through the controller and -
means are provided ‘in the controller .and in the
function modules to enable the controller to determine
the type of -function module, as regards its functional
capability, received in any of said module connectlon
sites. .

3. Automatic test equ1pment as claimed in claim 2
- wherein said means to enable the controller to
determine the type of function module. associated with
any of said module connection sites comprises type
identifying code means associated with each of said
modules, and means in said controller arranged for in-
terrogating said module connection sites to ascertain
the nature of. the code means associated with modules
received therein whereby to assemble in said controller
a map indicating what module type is received_in which -
connection site. o :



er to dTaM(

I ncludes a |ight pen and the conputer is arr

i.n signal sequences and waveform shapes to b e testlng af .« a
el ectronic circuit. 9. Automatic test equi ,' n_any ot the
precedi ng cl ai n8 wherein said nodul es |nclud t|-b|t .

digital input/output nodul e wherein aﬁ%gurallty of S|gnal s+l 1 nes are
I ndi vidually configurable as an inpu as an output and are dynamcally
changeabl e t 5 olighubpmaticobest eQEipmentgasnﬁnbiﬁeGOﬂﬁrtheéf Re

- Aut t t cla n_claim9 wherein sai.d . multj-bit

-d:ngoggl ! anﬁ?#gggaiﬁpr&% ge oﬁ'PFgl?r”aﬂﬁrkg? r 8Hgh d‘gé\‘;atlm of the

progranm abPRerd iﬁolpﬁ'ﬁhﬂ deuépmentngthbreﬂuﬂpmdﬁmuﬁnbfxde%qglc Fne .
t as cl aime

" any o {hes eet EangagupihE wibn TG (6 LSRRGS © 0

i sol at ed Iog&% g &t%P Fnﬂﬁ??%ﬁ?%u@nﬁnﬂﬁﬁueprbasbsdam@ depigmed ity of

S0l ated re F”e“g"“‘éh”"“?*’ i P W -t U SR

S u o

:ﬁogﬁ;egfrfhgypsg%é ﬁg% i%iﬁquﬂﬁkﬁqfﬁﬁﬁcﬁ uPedniifc| rttestist one

digitally cmdwémmgronem@biceweéormmmerator nodul e for

generatlng user- deflnable analog mavefornlshapes for use as CIrCUIt testing

i nput s. :
P 5. Automatic test equipment as elaimed in any of the

preceding claims in combination with one or more signal
_measurement and/or injeotor probes including ..an

1ntegral display for indicating to a user of the equip- '\_)
ment information such as, for example, a designation of .

the next point to be probed in a sequence controlled by
the system software.

_6; Automatic test equipment as claimed in any of the -
'preceding claims wherein the keyboard 1ncludes a
qplurality of special funetion keys. the .operations
'whereof are changeable under software control and the
display facillty is. arranged to- provide to a user an'
indication as to the current functions of said special
'funetion keys. '



"13. .Automatic test equiprment as clainmed in claim12 wherein said digitally
contr-ol | abFe programmuabl e wave- forn1generar"“ﬁﬁﬁﬁre-coﬁprrgis a random .
access memory devi ce the data contents wher ﬁ by a user
t ffr ough “operation of the controller, a vari aﬂlﬂmﬂlﬂm‘m m ner at or

control l'abl e in dependence upon a user deterntnablé dfgit si.gnal, a
cgunter .driven by the output of said v able rate cl ock generator and
pRoviding a control " input to said randgéiaccess menory device, a latch

circuit coupled to t he output of said random access nenory deV|ce and -
a nultiplying.di ghubomabiandless cequipment caspl akh imed hénowlaim ob sai d

latch circuit Vi nmul ng f I C co ol
dependence up oﬁgg g@ern%éf%r- ér‘g le d.fguﬁ{a{ dsﬁlngngle&% glﬂkut Oﬁggtzl c test
equi pnent as MatmqtmeHamllcaxm@br@m atheerdissnlas alflaé‘irléé'd obfy nenory
?gwp(r::plr igfra"“*”ﬂ@‘émg?@ Eérﬁhbfbdité\" ahc§?r€sf)éﬂéi’ﬁk§§0§§§oﬁ?€@rgndfcial ce. and
rali ter- mne dard waveform
shapes. mimutt(g'ﬁrsltf'rrbdjto‘\'ee‘s gﬁ%naeas eﬁ_n’éﬁern°§‘l 2‘? 1846F€R4 wher ei n
first and seceadc_cmunt ef seath speutdmdfunodienchey'us capabl e of _
i ndependently controlling - the operation of a said random access nenory

devi ce, the arrangenent being such as to enable the generation-Of first and
second si gnal §.havAnbomaphastesht equébmensnas clafmpddéneanyned &beor ding

to the user CBPEEthﬁele*éfﬂims wherein said display facility
includes a light pen and the computer is arranged to

enable a user to draw in signal sequences and waveform
o shapes to be used in the testing of an electronic
circuit. '

9. Automatic test equipment as claimed in any of the

NN - preceding claims wherein said modules include at least
one multi-bit digital input/output module wherein a
plurality of signal ~ lines are individually
configurable as an input or as an _output and are
dynamically changeable through'operation of the pro-
grammable controller.

10. Automatic test equipment as claimed in claim 9
wherein said multi-bit digital input/output module is
user configurable through operation of the programm-_
able | controller for determining threshold levels for
llogic.one and logic zero 1nputs and_outputs.

11. Automatic test equipment as claimed in any of the
preceding elaims wherein said modules include at least
one isolated logic digital 1nput/output module pro-
viding a plurality of opto-isolated logic inputs and a
plurality of single-pole 51ngle-throw isolated relay
switeh outputs.



ting of said first and second counters. 16. Autonatic test equipnent as ,
«claimed in any of the preceding clainms wh cl ude at

| east one anal og stirmul us/ response nodul e. st equi prent as
claimed in claim16 wherein sai.d anal og "yﬂ !ﬂmgﬁ} g! nodule. is
arranged to be digitally controllable by a use ratiton of said
/controller and conprises a plurality of digital-to-anal og and

\ahalog to-digital converter channels \% Aut omati c test equi pnent as
claimed in any of the precedlng clalat mhereln sai d nodul es include at

-

| east one uIe a vef si, gnal uence
recognltlon 19 ugﬁg ?igesgacqg H?E fﬁf ﬁe&glﬁHXIﬁ nFR8 wher ei n
-sai d wavef Opﬁeeeoiuglciatndssﬁneaéineqaeocnodatesogneiuoe avdueasts adapted

count | no. 1 cohe) T8 8R8v2 hoRyFAAPLE AR RE AR Farn kRS O"

transition enalhor nguadtlei doe. géneratingntusen eslteféqeubdleenanatogl ainmed in
ol aim 19 whaslPoRR bRERELNBorage ShECaTFLALECLERERAR! PRfubY Sal d modu e ¥4

suppli ed to a reglr ster adapte rate a pseudo-random
sequence that is a function of the input dat a strean1at specific cl ocked

time intervags, ﬁﬂdométﬁéSQe%ltprBQ@Fbméhiﬂ di0iclalimequitirerelafmanged to be
¢l ocked '“whéﬁé 8“§§14t81g£€2fi§'Sgﬁtroiiatie progggmggbleata estream
and the
'  form generator module comprises a random access memory--
device the data contents whereof can be loaded by a
user through cperation of the controller, a variable : ;)
rate clock generator controllable in dependence upon a
user determinable digital signal, a counter driven by
the output of said variable rate clock generator and
providing a control 1nput to said random access memory \;)
device, a “lateh eircuit coupled to the output of said
- randon 'access memory dev1ce, and a multiplying
digital to-analog converter coupled to the output of
said latch circuit and havmg a multiplying factor
which is controllable in dependence upon a user deter-
minable digital signal. B
14.' Automatic test equipment as claimed in claim 13
.wherein a user-selectaﬁle read only memory dev1ce is N’
provided in parallel with said random access memory de-
vice and is preprogrammed with a plurality of predeter-
mined standard waveform shapes. ' '

_.15.' Automatic test equipment as claimed in claim 13 or
14 wherein first and second counters are provided and
each is capable of independently controlling the
operation of a said random access memory device, the
arrangement being such as to enable the generation of
first and second signals having a phase interrelation-.



76;outputs of said feedback shift register and said digital

counter » d&re conbined to. constitute a recogni zabl e signature. 21.
?utggath Le?t equi prent as clainmed in claim20 wherein the outputs of said
feedback shift register and of said digita i ned by one of -
a process of concatenation, a process gf bl““mmlﬁ“mmtnrs)l ve y

gafing, and a 'process of bi t - by- bit _additfont . ¥ Alitomatic test_
edutpnent as claimed in clains 20 or #ﬁ%ereln sald f eedback shift

register is arranged to provide a ﬁBXIﬁa| | engt h sequenee for steady one or
zero data inpship determinednaccordingetoi preusers condineddabdeamgtof the

pr ecedi ng cLakgﬁﬁggeggggdsa&gsgnguhe§ebgﬁhuggu§%et§ast one frequency

nmeasur enent nmodu Aut omat I ¢ ‘t-est equi pnent as clainmed in claim23
wherei.n the frequency nmeasurenent nodule. includes a frequency shift

det ector conprisi nﬂu%oﬁxﬁ‘t'ibelte%'tr *QuePmen tagase g madc aunangf ofhenaunber of

cycles of an in- y SI, nal, ccurri sure-
mept’ peri od, prppp ﬁga?gé &reu m?éPﬂ§%|$%83H98cF§daﬁasg
counter Outpubneﬁanaiogostﬁmaﬂasdresp@nsbemoduﬂb.accunulated in said
counter to said first latch and for transferring the contents of said first

latch into said second | atch once every N neasurenent periods N being an
integer of at eashubnmatied testoneaphpaent ﬁ@'Qﬁﬂﬁﬂﬁéﬂ@ﬂtﬁéaéﬁnﬂénts of

the latches OQferein said analog stimulus/responseé module is
arranged to be digitally controllable by a user through
operation of said controller and comprises a plurality

o/ of digital to-analog and analog-to-digital converter
channels.

~. - 18. Automatiec test equipment as claimed_in any of the

N\ preceding claims wherein said modules include at least

one module adapted for waveform analysis and s1gna1
sequence recognition.

19. Automatic test equipment as claimed in claim 18
wherein said waveform analysis and signal sequence rec-
.ognition module is adapted to- perform at least one of a
signature analy31s technique, a tran31tion counting
technique, and a logically combined signature analysis
and tran31tion counting technique. .

20. Automatic test equipment as claimed in claim 19
wherein an incoming data streanm to be recognised by
said module is supplied to a feedback shift register
adapted to generate a pseudo-random sequence that is a
function of the input data stream at specific clocked
time intervals, and is also supplied to a digital
counter arranged to. be clocked in response to
transitions of the incoming data "stream, and 'tne



with the other and providing an output indicative of detected differences.
25. Automatic test equipment as claimed in claim18 wherein said waveform
anal ysi s and signal sequence rec-_ognltlon nodul e conprises a plurality of

data inputs; a CLOCK input nultiplexer, l, mnsl"m"m,m xer, and a. L
RESET i nput nultiplexer coupled to sald dat ﬂe perlod :
,detector having a SET i nput coupled to the output 'of % hé& SET i nput

\nultlplexer and a RESET in- put coupiZd to the output of the RESET input
mul ti pl exer; a progrannable counter having a CLOCK in- put coupled to the

- output of t QCK I ' BLE i np oupled to
t he out put %‘fet;%ré m#ﬂ (Lagapigli 0 ?ﬁtec oghqg)g gegg g%lé Eg?ln f%Jé*égl ster
coupled to dieim putcomfnttelm pavgr ansembineduntter asdnbhitugean ENABLE
i nput coupl g, of the programabl e counter, a CLOCK

I nput, and a T DATA |nput Aut omatic test equi pment as claimed in
claim 25 mhereln edge polarity detern1n|ng gating neans are coupl ed between

t he out p]ytsnp.f tMeﬁtﬁ@dgEigSEE |p”Menﬁ0|£s<eé§amﬂddt he FTREBNGRRESET =
trgr;;dolnt %%ﬁg§§5$%ggﬂﬂﬂﬁfg Cto&ﬂ ﬁ8?9b Engﬁikgrésggﬁﬁgglg ngs?ﬁg
pul se det eadf osadut pdigitatoupdunkew reeei combiine&NAY Eanepudff ram t he :
single pe“&doéjeeése%PrcoaQ&Qr%h“pat p?%cregg of bit-by-—bit ex-

clusive OR gating, and a process of bit-by-bit

addition. - i o :

22. Automatic test equipment as claimed in claims 20
or 21 wherein said feedback'shift register is arranged
_:to provide a maximal length sequence for steady one or
zero.data inputs.. -
23. Autcmatic test equipment as claimed in any of the
preceding claims wherein said modules include at least
one freduency measurement module.

24, Automatic test equipment as claimed in claim 23

wherein the frequency measurement module. includes a

frequency shift detector comprising a counter arranged ‘
 to assemble a count of the number of cycles of an in- U

coming.frequency signal occurring_Within a set measure- |

mentj period, first and second 1latches serially

ccnnected to the counter output, means for transferring

the count accumulated in said counter to said first

latch-and'for transferring the contents of Saidafirst

latch into said second latch once every N'measurement

periods, N being an integer of at least one, and a com-

paratcr for comparing the contents of the latches one

with the other and prov1d1ng an cutput indicative of

detected differences.



feedback shift register, and a CLEAR i nput co he TEST DATA I nput
oftthe feedback shift register.. 28. Autonatlc t est equi pnent as cl ai ned

in any of the preceding clains wherein said n Hﬂl"r' mum | east one
r gal tirfe sequence emnul at or nodul e prOV|d|ng s of digital
I nput / out put” iandi vidual |y configurable as |nputs 6r utbut*s capabl-e of
bursts of real -tine activity. 29. Automatic test equipnent as clained in

chai'm 28 wherein said seqguence enulato duIe conprises a ran- dom
access menory structure. for rage of m croprocessor enulation

data and mcrg=instructi are st ored sai d 0 céss
nenory structg?e,ghggPﬂagSSdg (k§QQﬁ9EFnEh§S 8§P&mepr%&# aﬂ%s?éuctidns
of t'he ni cropwhereinrsaibd eawsfidral echalifsis AmnoeugnaltSBQuenUEpﬂEcL as
clainmed in clgj S@b conpri ses
stimul us, reségﬁggggn (?'If‘g%t | oﬂpéﬁg O%W%‘% °§)a/1fi§ g%‘ﬁugﬁgt?uct I on
codes conpri seL@e§utrpet milpiplieners, &t SEIdinput. saﬂ-uip%wer',fand defini ng
the state opspq YhHHE' mﬁl%ﬁleké?eéoh?léa%éeQE?&CEaE %gésf og the

respective enul at]on. Aut omat| ¢ nent. as ¢ claim28
wherein sai dS+B&fe Pﬁﬁé°d dkarler HMavin %ra' 3m@§Rﬂinﬁ9%Q%e%.HPgltm
sequence contthéleutpatseﬂuameezﬁmdmutamﬁmzy adﬂvucaEsad 2n-

associ at ed Iaﬁ&@ '@oﬁp&'rcméﬁ(néhdata pu o%h %%e %&&Hﬁpceiconkroller
multiplexer- a programmable counter hav1ng a CLOCK in-
put coupled to the-output of the CLOCK input muliplexeb
and having an ENABLE input coupled to the output of the
single period detector; and a feedback shift register
coupled to the output of the programmable counter and
having an ENABLE input coupled to the ENABLE input of
L the programmable counter, a CLOCK 1nput, and a TEST
DATA input.
26. Automatic test equipment as claimed in claim 25
wherein edge polarity determiniug gating means are
coupled between the outputs of the SET and RESET multi-
plexers and . the SET and RESET inputs of the single
period detector.

o - 27. 'Automatic test equipment as claimed in claim 25 or
26 wherein a binary counter_pboviding a_miseing pulse
 detection output is coupled to receive the ENABLE input
from:the eingle pebiod detector, the CLOCK.input to the
feedback shift register, and a CLEAR input coupled to
the TEST DATA input of the feedback shift register. .

28. Automatic'test equipment as claimed in any of the
preceding claims whereln said modules include at least
one real time ‘sequence emulator module providlng a
plurality of b1ts of digital input/output ind1v1dually



a control random access nenory device, a data random y' device,,

" nmeans for loading and retrieving data into and from sai d rand actess - *
menory devices, a second |latch associated wt hu‘mmumﬂ“l[t dom acgess .
menory device, a.third latch associated with s ccess nennry.
device, a first gating devi ce operable to condi*ti bn ‘an output of said

irst latch as an output' to a data line, a second gating device operable-

10 enable data fromsaid data line to pbe witten into said data random

access nmenory device and into sai@- hird latch, and direction contro

l ogic for determ ning the condition of said gating devices in dependence

upon an outgutif fgunratshe casehput s ade houtputs seapsble spPndbursteropei ng

ar ranged' ccess nmenory devi ce addresses.t-o said control
data r deih VS AGEVRG |

and data ra ry devices for . .determining the operation
thereof. 32. Automatic test equi pment as clalned I n cIa|n131 wher ei n means

are provi d%for“m 9t9§tae‘2i1'}i égmgal r]-_gi*h gh dat a

i ncomi ng from sai |ne ‘t he a rangenent e|ng sUC
corr espond-wherein Shid Qﬁﬁkﬁﬂ@ﬁi¢¢ oMl egomRr ] %%ﬂe% ?%ﬂo the data

random accefdm MTerdddesEVi afe thesaiu@mwto tée thswlrégéch épr
conpari son th actual incom t he out f sa i ng means
Cheraby  beFTORARSR 9 ofentlﬂ%tr i da%en; BBerberor iRsERtbaioRnd
expected(ﬂﬁddes are stored in 'said random access memory
structure, said"codes: defining the - data transfer
instructlons of the microprocessor to be emulated. .

30. Automatic test equipment as claimed in claim 29_
wherein said random access memory structure comprises
stimulus, response and direction control RAM's and said
miero-instruetion codes comprise sequences of patterns ' “~/
stored in said RAMs for defining the state of
individual signal lines 1n the sequence required for
the respective emulation. '

31. Automatic test equipment ‘as. claimed in claim 28
wherein ‘said” real time sequence emulator ‘module
comprises a digital sequence controller, a sequence
" random access memory device and an associated latch in
a circulatory data path with said sequence controller,
a control .random access memory device, a data random
access memory device,'means for loading and retriev1ng
data into and from said random access memory dev1ces, a
second 1atch associated with ‘said control random access
memory device, a third lateh associated with 'said data
random access memory device, a first gating ‘device
operable to condition an’ output of said first Iatch as
an’ output to a data 1ine, a second gating device
operable to enable data_ ‘from said data line to be
written into sald data random access memory device and



33. Automatic test equipnment as claimed in claim32 wherein the output of
said «conparing nmeans is coupled as an input to said data random access
menory device fok assenbling therein a S|gﬂarure‘ﬁﬁTTT§~rﬁanatlng success
orr faildre of circuit tests. 34 . Autonatj u“rmu“ as claimed in
cl'ai m 28 wherein said enulator nodule t@m “3“‘“] ter emul ator and

a plurality of slave emulators controlled
mist er emul at 6r conpri si ng control

" nunber of slave emulators and the slavgqernul ators each conprising a

plurality of

equi pnent as
a sl ave enu-

data patter nsdeuen@ems@mmm oPupy e%lf‘?lhgsa%piﬁg@td f kbe R

RAM backed digital input/output 1ines each dynamnically
changeabl e beimbensahqbuthiamﬂ atoh; atdtdbrecti@ &mtrolithogt¢ cfdrest

e master® efful ator, the
circuitry for up to a predeternihed

LEe e | B C bBle™ kb d il nosa%%ﬁn@ %Aﬂn% BUvieuspuiy | ine of

by a stinul us

test Stinulus
s id under

test, and a dsé@eéhod eeﬂtrbmbrwifz@ ahob i ga i 8 tphwmdlmm wri ting
su‘Les of the réespective |ine. . Automati.c te eaBﬁggi s,clainmed in

cl ai m 35 wher2¢9e3$3NYPARE %ﬁ’r‘[ﬂ%ﬁ FAAGRERASS th.lrs?

nd 3t# at or s

for effecti ngr-aﬁdbzeaSéc@@ss of ned et i dgv 1dés er poe esd dps metminiat athiecei ved.

froma un|t under

opera £hersé

32. Automatic test equipment as claimed in claim 31
wherein means are provided for comparing data outputted
by said third latch with data - incoming from said data
line, the arrangement being such that data correspond-
ing to that expected from an 1nput may be loaded into
the data random access memory device and therefrom into
the third latch for comparison with actual incoming
data, the output of said comparing means thereby being

~indicative of the relationship between the actual and

expected data.'

33. Automatic test equipment as claimed in claim 32
_wherein the output of said cOmparing_means is coupled

as an input to said data random access memory device

for assembling therein a signature matrix 1nd1cating

success or failure of circuit tests.

_ 3ﬁ{anutOmatic test'equipment as claimed 'in claim 28

whereiﬁ' said emulator module comprises a master
emulator and a plurality of slave emulators controlled
by the master emulator, the master emulator ccmprising
control circuitry for up to a predetermined number of
slave emulators and the slave emulators each comprising
a plurality of RAM backed. digital input/output lines

" each dynamically changeable between input and output

states.

Ef nd da%a transnmtted froma respectlve stimul us



RAM and conpari ng data patterns on the sl ave enulator |nput/output i nes
with at | east one predeternined data pattern. Aut ormatic test eqU|pnenv

as clainmed in any of the preceding cl ai um' dules include at
| east one switching nodul e enabling sel g3 mm"m m,r"u[mes of a. unit Rl
under test .to be accessed selectively *of neasurenent and stinul us :
fpurposes. 38. Automatic test equinent.as clained in any of the preceding
“clai ms wherein said nodul es |nclude(g@ | east one. active jig interface
nmodul e for connection to a unit under test by means of a' bed- of-nails type:

of teStlngo%glg,Auto%?d c 26b5VC eqliiPment! U A6La1mOAULR AW 93109 a

plurality cont rol bse sw tches f.or coup ing clrcult, nodes - a
unit  underhersin qagh gkl dnpidy ptaiahimenf 2 stiang lﬁz‘m-b:nd

reference |laf‘lﬁfr is Bickéut qmta Cst%ﬁwgunme'rbraq;x@vmdm Itfbs'my of the

di whe t t :
Pt st o A U AL et SR f crsponas. FH e WabIe e
conponent s nssp.or;semtmtbmla-um tunderartest samt. artctliul'emtiomlcnh-ng an
f I h
gcre][ ?%. ng awl %y gt%f g}rétgg#\l%ggbgcgﬂguﬁéé@g%%%é&a prlir}f% Cl rcu:atC board

under testQﬁuﬁhﬁnﬂﬁﬁﬂ%ﬂﬁkyanlinﬁﬂroI of the respective SMAtChIng net wor k
either to a stinulus source or to a reference potential and

36. Automatic test equlpment as claimed in claim 35
wherein the slave emulator modules further comprise
comparators for effecting at least one of detecting
differences between data received frmn a unit under
test and data transmitted from a respective stimulus
RAM, and comparing data patterns on the slave emulator
input/output lines with at least one predetermined data
pattern._

37t Automatic test equipment as elaimed in any of the
preceding claims wherein said modules include at least
one switching module enabling selected circuit nodes of .
a unit under test to be accessed selectively for
measurement and stimulus purposes._

38. Automatic test equfﬁment as claimed in any of the _ <
preceding claims wherein said modules include at least
one’ aetive jig interface module for connection to a
unit under test by means of a bed-of-nails type of
testing jig,. said _active_ jig 1nterface modulef
comp_rising_' a plurality of control_lable_ switches . for_
coupling ecircuit nodes of a unit under test to
respective ones oflmeasurement, stimulus and'reference '
lines.




5|nultaneously also to a correspondlng I nput of a neasur ement facility. 40.
Aut'omat i c test equi prent as clainmed in clalnygg_mheperﬁ—sarﬁ’§ﬁfichlng

net wor ks each cosprise four bi- directionally curre g anal og
swi t che€ each conprising a control electrode t ﬂ‘\ ﬂﬂd may be

applled for: determining .the current cond I'tsi oh of the
respective switch, a first of said swtches haV|ng Its current conduction
pat h connect ed bet ween a stimulus source term nal and the respective test
point and its control el ectrode conne@fed to a flrst sel ection. ternlnal

-second of sali ches havi-n curr ent con th d

bet ween said f% ?%afaﬁa 'é\g'?‘é "Ot%?]t? $nfrﬁa?‘ éo econt r ol
el etct Lodehcor;m@éwhﬁ@ ola;msnﬂlhenémtabnleasm nale of tddidd mﬂdtsbesj o
swtches havin rre n et t est

poi nt and a ¢ i%%iu?eﬂ%ﬂ ?ggﬁkﬁgg Q%gg ‘%ﬁ?%é} c rd%gf%%nﬁthed
to a third setesting tkenvhabiliaby eff gampnngntsam mnrcirmt@dwaﬂ/ Ty its
cucrent conduglion BghBaconiead'ed dsdupen 1abdyeRk PaN! iy seeond

neasure- ment_termnal afdd its control el ectro nnected to a fourth '
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’ control of the respective switching network either to a
stimulus source or to a ‘reference potential and
_ simultaneously also to a corresponding input of a
~ : measurement facility.

4o. 'Automatic test equipment as claimed in claim 39
wherein said switching networks each comprise four bi-
directionally current conducting analog switches each
comprising a control electrode to which an input may be
applied for determining the current conduction
condition of the respective switch, a first of said
switches having its current conduction path connected
' between a stimulus source terminal and the respective
test pdint'and_its control electrode connected to a
first selection teﬁmiﬁal, a secdnd 6f said switches
\‘; o having itS'Current conduction path connected between
said- test point and a reference potential terminal and
its control electrode connected to a second selection
“terminal, a third of said switches having its current
donduetion path connected between said test point and a
first measurement terminal and its control electrode
connected to a'third selection terminal, and a fourth
of said switches'having its current conduction path
connected between said test point and a second measure-
‘ment terminal and its control electrode connected to a
fourth selection terminal. i



42. Automatic test equipnent as claimed in claim40 or claim 41 mhereln
said switches each conprise a bidirectional analog transnissiod gate:
43. Automatic test equipnent. as clainmed—im_cfaim I and wherein the

i ncor p.or ates functional nodul es “ﬂ‘ﬁﬂ mawﬂmlmllg herein®

equi pnent

described with reference to any of Figures

dramﬁngs

41. Automatic test equipment as.claiﬁed_in_elaim 40
wherein'said-first and said third selection termihai
are commonly coﬁneeted, andesaid second'and said fourth
selection terminalxare,commonly eonnedted..

&2. Automatic test equipment as claimed in claim 40 or
claim 41 wherein said switches eaeh comprise a
bidirectional analog?transmission.gate._

43. Autdmetic test' equipment as claimed in claim
1 and wherein the “equipment ineorporates functional
modules . substantially as erein described - with

reference to any of Flgures 2 to 19 of -the accompanying
drawings. ' '
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